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Ela chegou nos anos 80
Na época da rainha dos baixinhos, parece que estou vendo
Dizer seu dia na escola: “meu pintinho amarelinho cabe aqui na minha mio..."

Ela chegou na era da informag¢ao tomando vulto, no tempo do super nitendo,
Se ouvia Triller e Cavaleiro do Zodiaco na Tv,
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astral
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Até se ouvir falar em globalizacgao.
Teve seu Tamagoschi
Chegou o computador e o telefone celular
sabe que tivemos 0s” cara pintadas” e o impeachement de um presidente em nosso Brasil
que trocamos varias vezes nossa moeda, que os avds falavam em conto de rés
que a mae falava em cruzeiros e que ela fala em Real.
Viveu a era do vinil ser substituido pelos CD e a chegada do DVD
Da Tv ganhar controle remoto, da chapinha.
Das cartas demoradas pra sua entrega serem substituidas pela informagao imediata
da internet, do email, msn, orkut, twitter, ultrapassando oceanos.
Se fala em clonagem, e em projeto genoma humano
j4 alcanca a época que os inibidores da protease do HIV alonga a vida dos pacientes
Falam em aquecimento global, noticiam a violéncia e o desequilibrio humano,
os acidentes,as perdas de grande comocgao para a populagcdo
Ouve o pagode, axé e sertanejo e a musica eletronica tomar conta do campo musical
Com o fim da censura a TV aborda temas em suas novelas como homossexualidade, reforma agraria...
Vé o horror dos ataques terroristas de 11 de setembro em Nova York.
Ouve que o Brasil ndo deve mais nio,
Brasil € credor da forte nagdo
Lula deixa o pais, sem pedintes pelo chao
Ela alcanca um tempo de igualdade, Mulher Presidente, por que nao?
Pensei tudo isso enquanto ouvia dissertar
sobre o PapilomaVirus para a bancada avaliar
¢ MESTRE mesmo no assunto,
diplomada com elogios para nova etapa alcancar.
Se conheco a ariana, o pé ja esta 14
permitindo a caminhada e descobertas fazer
pois sua missdo ¢ comprida, disse o Dr. para vocé.
Sou eu que agradeco os seus reconhecimentos
motivo de orgulho, por ter metas a alcancar
protetora com sua amizade e frases a aliviar
surge sempre como anjo
que sabe tio BEM GUARDAR.

(Maria de Lourdes Ferraz de Sd)

“O professor mediocre expde. O bom professor explica. O 6timo professor demonstra.
O grande professor inspira.”

(William Arthur Ward)
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RESUMO

O cancer cervical € o segundo tipo de neoplasia que mais acomete as mulheres no Brasil, com
alta prevaléncia em Pernambuco. A associacdo desta patologia como o papilomavirus humano
(HPV) j4 estd bem estabelecida e atualmente, sabe-se que o HPV pode ser encontrado em vérios
outros locais de infeccdo, além da regido genital. Com o intuito de apontar a distribui¢do
corporea do HPV pelo corpo humano foi realizada uma revisao da literatura buscando por sitios
corpéreos em que o DNA viral j4 tinha sido identificado. Dentre os tipos virais de alto risco que
mais acometem a populacdo brasileira, sabe-se que o HPV16 aparece associado a mais de 50%
dos achados. Baseado nisso, uma busca pela presenca do DNA do HPV e pelos variantes virais
do HPVI16 foi realizada em mulheres de Pernambuco que apresentavam lesdes genitais.
Complementarmente, sabe-se que sistemas de expressdo sdo amplamente utilizados para
producdo de diversas moléculas bioldgicas, sendo o bacteriano o mais rdpido e facil de ser
utilizado. Visando melhor utilizacdo do sistema de expressdo em bactéria, desenvolvemos um
método para detectar a producdo de B-galactosidase em cepas heter6logas de Escherichia coli.
Esse sistemas bacterianos vem sendo utilizados para produgdo de diversas moléculas virais,
como oncoproteinas virais. Baseado no levantamento bibliogrifico realizado foi possivel
identificar DNA viral nos mais diferentes sitios corpéreos, inclusive com auséncia de lesdes
clinicas, apontando para a possibilidade do HPV agir como um oportunista. Da populacio
estudada, mais de 50% foram positivas para o HPV, com achados de multiplas infec¢des com
tipos virais distintos, onde o variante Europeu foi o mais frequente nos casos de HPV 16 positivo.
A linhagem Origami (DE3) de E.coli demonstrou-se eficiente no ensaio colorimétrico
expressando o gene da B-galactosidase com baixa produgdo de proteinas bacterianas. Baseado
nisso, esse modelo bacteriano foi utilizado no processo de sub-clonagem do gene E7 do HPV16
permitindo apds indug¢do do promotor visualizar uma bandade 15 KDana eletroforese de
proteinas totais, banda provavelmente referente a oncoproteina viral. No entanto, faz-se
necessario emprego de testes imunoldgicos com anticorpos especificos para confirmar sua
producdo e posterior purificagdo. A tipagem da populacdo a respeito do variante do HPV mais
predominante e producdo da proteina E7 permitem o aumento nos conhecimentos dos diferentes
mecanismos de interacdo do virus com o hospedeiro e favorecem ao desenvolvimento de
métodos diagndsticos e terapéuticos mais eficientes e especificos para as diferentes regides do

mundo.

Palavras-chave: Papilomavirus humano tipo 16; oncoproteina E7, cancer -cervical;

transformacao celular; pRB, HPV.
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ABSTRACT

Cervical cancer is the second type of cancer that affects more women in Brazil, with high
prevalence in Pernambuco. The association of this disease as human papillomavirus (HPV) is
well established and currently, it is known that HPV can be found at other sites of infection,
besides genital region. In order to highlight the distribution of HPV by the human body, we were
a review of the literature searching for body sites where the viral DNA had been identified.
Among the high-risk viral types that most affect the population, it is known that the HPV16
appears associated with more than 50% of the samples. Based on this, a search for the presence
of HPV DNA and the HPV 16 variants was performed in women of Pernambuco who had genital
lesions. In addition, it is known that expression systems are widely used for production of
various biological molecules, and the bacteria quickly and easy to use. For a better use of the
expression system in bacteria, we developed a method to detect the production of -galactosidase
in heterologous strains of Escherichia coli. These bacterial systems have been used for
production of several viral molecules such as viral oncoproteins. Based on the literature review
was possible to identify viral DNA in many different body sites, including the absence of clinical
lesions, suggesting to the possibility of HPV act as an opportunist. In the study population, over
50% were positive for HPV, with findings of multiple infections with different viral types, where
the European variant was more frequent in cases of HPV16 positive. The strain Origami (DE3)
E.coli was efficient in the colorimetric assay of the gene expressing -galactosidase with low
production of bacterial proteins. Based on this, this bacterial model was used in the process of
sub-cloning of HPV16 E7 gene after induction of the promoter allowing a view of 15-kDa band
on electrophoresis of proteins pool, band probably related to this viral oncoprotein. However, it
1S necessary to use immunoassays with specific antibodies to confirm its production and
subsequent purification. Population classification on the most prevalent variant of the HPV and
E7 protein production allow an increase in knowledge of the different mechanisms of interaction
of the virus with the host and promote the development of diagnostic and therapeutic methods

more efficient and specific for different regions of world.

Keywords: Human papillomavirus type 16; E7 oncoprotein; cervical cancer; cellular

transformation; pRB



1. REVISAO BIBLIOGRAFICA

A familia Papillomaviridae é formada porvirus de DNA circular, ndo-encapsulados com
cerca de 8 kilobases. O DNA de Papilomavirus (PV) ja foi isolado de lesdes de pele de muitas
espécies de mamiferos, aves e répteis. Muitos desses achados parecem apresentar o virus como
comensal da pele, onde um amplo espectro de genétipos ja foram encontrados (Antonsson ef al.,
2003; Antonsson et al., 2002). Diversos PVs sdo capazes de infectar o homem, sendo estes
denominados de papilomavirus humano (HPV) e alguns desses tipos sdo reconhecidos pela

Organiza¢ao Mundial de Satude como carcinogénicos (IARC, 2007).

1.1. Paleovirologia

Os seres humanos tém provavelmente estado em contato com o HPV hd milénios. As
primeiras descricoes de lesdes associadas por desordem de relagdo sexual foram feitas com
precisdo pelo médico romano, Aurelius Celsus, no século 1 dC (Aufderheide, 2002). Nessa
época, o médico ja chamava os tubérculos anogenitais de "condilomas" e os tratava por
cauterizacdo com ferro em brasa (Hajdu, 2004). Mumias dos séculos 15 e 16, encontradas em
Népoles, Itidlia, também levaram a descoberta importantes resultados para paleopatologia e
paleovirologia demonstrando a presenca do DNA viral em tecido genital parafinado (Fornaciari
et al., 2003). O achado de HPV em relatos de séculos passados € ttil para o fortalecimento da

idéia sobre a evolugao secular deste virus.

1.2. Tipos e variantes virais

Existem aproximadamente mais de 100 genétipos do Papilomavirus capazes de infectar o
ser humano; destes, 40 apresentam importancia uroginecoldgica por serem capazes de infectar o
trato anogenital (Munoz er al., 2003). Os tipos virais podem ser classificados quanto ao risco de
malignidade que oferecem ao trato genital em: alto-risco (HPV16, 18, 31, 33, 35, 39, 45, 51, 52,
53, 56, 58, 59, 66, 68, 70, 73 e 82), e baixo risco, associado com lesdes benignas genitais e
verrugas na pele (HPV6, 11, 40, 42, 43, 44) (Dalstein et al., 2009).0 HPV 16, assim como o tipo
18 sdo os gendtipos virais mais prevalentes em carcinomas cervicais invasivos e neoplasias
intraepiteliais cervicais, encontrados em mais de 50% dos achados (zur Hausen, 1996; Wheeler
et, 2009; Vijayaraghavan et al. 2010).

Uma pequena proporc¢ao de lesdes causadas por estes tipos virais irdo progredir para um
carcinoma cervical invasivo, o que indica o envolvimento de outros fatores, como a variacao

intratipica que ocorre na seqiiéncia viral. Essa variacdo tem sido utilizada para estudar a
11



distribuicdo geografica de HPVs, mas ha evidéncias crescentes de que pode ser importante na
determinagdo do risco de desenvolvimento de doenca neoplasica (Giannoudis ef al. 2001).

O genoma do HPV pode mudar por mutagdes pontuais, delecdes e insergdes, estas podem
tornar-se permanentes numa populacdo, se selecionadas positivamente ou, se forem
funcionalmente neutros, pela expansdo seletiva da populacdo hospedeira infectada. Quando
mutacdes nos oncogenes E6, E7 e L1 ocorrem com uma taxa de distancia maior que 10% em
comparacdo com outros tipos de HPV conhecidos, diz se que tem um novo tipo viral (de Villiers,
2004). Enquanto isso, variantes de um mesmo tipo viral diferem em 2% em regides codificante e
em 5% em regides ndo codificantes em suas seqiiéncias de nucleotideos em comparacdo com a

seqiiéncia de referéncia (Bernard er al. 2010) (Tabela 1).

Tabela 1. Porcentagem de variagdes das sequéncias nucleotidicas do HPV
originando novos tipos, subtipos e variantes.

Variacao da sequéncia

nucleotidica
Novo tipo viral > 10%
Novo subtipo viral 2-10%
Novo variante 2% na regido codificante

5% na regido nao codificante

Variantes do HPV16 encontram-se agrupadas em diversos ramos, que foram nomeados
de acordo com as suas principais distribui¢do geografica. Atualmente, os seis principais ramos
filogenéticos sao: Europeu (Eu), Europeu-Asiético (Eu-As), Africano 1 (Afl) e Africano 2 (Af2),
Asidtico Americano (AA), e Norte Americano (NA) (Yamada er al. 1997).

As darvores filogenéticas podem ser construidas baseadas na andlise comparativa das
seqiiéncias nucleotidicas ou da seqiiéncia de aminodcidos e podem ser observadas como uma
representacao hipotética da histéria da evolugao molecular, como pode se visualizar na Figura 1.
A importancia de conhecer a diversidade, taxonomia e evolugdo viral para o diagnéstico e
abordagens terapé€uticas t€m sido valorizadas, visto que dados epidemioldgicos e interagdes a

nivel molecular t€m sido apontadas como dependente destes fatores (Bernard er al. 2006).
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Figura 1. Arvore filogenética dos papilomavirus. A contrucio foi realizada utilizando
alinhamento de aminoacidos oriundo dos genes E1, E2 e L1 (extraida de Bravo ez al., 2010).

O estudo de seqiiéncias génicas, como a realizada na busca por variantes virais
predominantes em uma determinada populacdo, pode viabilizar a aplicagdo de métodos
profilaticos e terapéuticos, como vacinas tipo especificas de maneira mais prudente. Identificar o
variante viral presente em uma populacdo especifica auxilia a esclarecer os motivos de maior
resisténcia/susceptibilidade destas populagdes a infeccdo onde estdo envolvidos aspectos

genéticos, culturais, ambientais.
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1.3. Genoma viral

O genoma do HPV (Figura 2) é formado por uma tnica molécula de DNA de dupla fita
circular constituida por oito genes (L1 e L2 que codificam proteinas do capsideo e El, E2, E4,
ES, E6 e E7 que codificam proteinas envolvidas na replicacdo, transcricdo e transformacio) e
uma regiao nao-codificante controladora (LCR) que contém a sequéncia de origem de replicagao

(ORI) e a maioria dos promotores de transcricdo (Terhune er al., 2001).

ET L2
‘EE ‘ ‘E1 EZ ‘Ea! E ‘L1

HEE

Figura 2. ORFs (Open Reading Frames) do HPV-16.

As ORFs El, E2, L1 e L2 s@o particularmente bem conservadas entre os membros da
familia Papovaviridae (de Villiers, 2004). Na Tabela 2 estio relacionadas as oito ORFs do HPV

e suas principais funcdes.

O genoma do HPV pode replicar-se de forma epissomal extra-cromossdmica em lesdes
benignas associadas aos HPVs de baixo risco, e em displasias leves e moderadas associadas aos
HPVs de alto risco. Em geral, o desenvolvimento do cancer cervical estd associado com a
integracdo do DNA viral no genoma hospedeiro. No processo de integragdo, comum em casos de
carcinoma cervical, o genoma circular viral é aberto entre os genes E1 e L1, levando a perda
desse fragmento viral e inser¢do no genoma humano através desta regido (Boshart er al. 1984;
Baker er al. 1887). Sabe-se que este processo acarreta em um aumento da expressdo dos

oncogenes virais E6 e E7, apesar do mecanismo ainda ser desconhecidos (Garland, 2002).

1.4. Caracteristicas dos oncogenes e oncoproteinas E6 e E7

Até hoje, acredita-se que as proteinas E6 e E7 ndo possuam atividade enzimatica ou
capacidade de se ligar ao DNA, mas apesar disso, sao fundamentais para garantir as
caracteristicas de malignidade do Papilomavirus. O processo de transformacdo maligna das

células infectadas pelo HPV é mediado através da interagdo entre os produtos dos genes virais
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E6 e E7 e as suas oncoproteinas, que t€ém demonstrado serem suficientes para garantir a
transformacdo, imortalizacdo celular e formacdo do tumor (Munger ez al. 1989; Doobar, 2005;

Munoz et al., 2006).

Tabela 2. Genes “Early”, “Late” e regido LCR codificados pelo papilomavirus humano, com seus
respectivos tamanhos e fungdes.

Gene Tamanho Fungdes Referéncias
Codificar proteinas essenciais para
replicacdo do DNA extracromossomal,
El ~1.940 pb complementagdo do ciclo viral e Motoyama et al.., 2004
modular a transcricao de L1 e L2.

Codificar duas proteinas especificas
responsdveis pela inibi¢do e inducao

E2 ~ 1.090 pb da transcricio das regides “carly”. Motoyama et al.., 2004
Colapso da matriz do citoesqueleto
E4 ~ 342 pb (HPV-16), maturagdo viral. Wilson et al.., 2007
Interacdo com os receptores dos
E5 ~237pp  fatores decrescimento (EGFe PDGE), | . o0 s o000
estimulando o crescimento celular.
E6 ~ 500 pb Desreiléleg;c; daoocclizlo 5C§ lular e zur Hausen et al.., 2002;
p g ¢ P22 Doorbar et al..,, 2005
E7 ~ 300 pb fo]r)nelzreﬁ%)uiiaogigr?lolcelcéoc(;?lllu:larlgb Doorbar et al.., 2005;
P ¢ piex PRD- Motoyama et al.., 2004
L1 ~ 1.500 pb Formar o capsideo viral maior. Mundz et al.., 2006
L2 ~ 1.400 pb Formar o capsideo viral menor. Mundz et al.., 2006
Elementos cis requeridos para
LCR ~ 1000 pb expressdo do gene, replicagao do Mundz et al.., 2006

genoma, e empacotamento das
particulas virais.

A oncoproteina E6 apresenta localizacdo nuclear e possui aproximadamente 18 kDa
(Moody et al., 2010), sendo capaz de interagir com vdrias proteinas relacionadas ao ciclo celular.
A inducio para fase S do ciclo celular de maneira ndo-programada e descontrolada normalmente
leva a apoptose devido ativacao da p53; entretanto a oncoproteina viral E6 liga-se a essa proteina
supressora tumoral e a degrada por ubiquitinacdo proteossomica (Huibregtse er al., 1991),
levando a resisténcia a apoptose. Além disso, a E6 também € capaz de interferir com a func¢do da

pS53 ligando-se a duas histonas acetiltransferases, a proteina p300 e a proteina de ligacdo a CREB
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(CBP), bloqueando a capacidade desses fatores de acetilarem a p53 e, portanto, aumentando a
sua estabilidade (Patel er al., 1999). A capacidade de ligacio com outra histona, a
acetiltransferase ADA3, que possui atividade similar a p53, direciona esta molécula a
degradacdo. (Kumar er al., 2002) Como também, ligando-se a proteina BAK (proteina pro-
apoptose), fortalecendo o processo de resisténcia a apoptose e ao aumento da instabilidade

cromossomal (zur Hausen, 2002).

Embora os efeitos da oncoproteina E6 de alto risco sobre a p5S3 sejam fundamentais para
o desenvolvimento de cancer genital, rotas alternativas (Figura 3) independente da p53
desempenham papéis igualmente importantes (Moody er al., 2010). Linhagens celulares
deficientes ou com o gene E6 mutante para a degradagdo de p53 podem ainda imortalizar células
(Kiyono er al., 1998). Estes dados sugerem que as interacdes com outros fatores celulares sdo
necessdrias para o desenvolvimento do cancer, tais como as proteinas PDZ, associadas apenas
com proteinas E6 de alto risco (Thomas, 2008). Estudos com camundongos transgénicos,
“desligando” o dominio PDZ de ligacdo a E6, demonstraram auséncia de desenvolvimento

hiperplasico (Nguyen ef al., 2003).
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Figura 3. Proteinas celulares e rota metabdlica afetada pela oncoproteina E6 (modificado a
partir de Moody et al. 2010).
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A proteina E7 contribui para a imortalizac¢do celular devido a sua capacidade de interagir
com a proteina supressora tumoral do retinoblastoma (pRB), assim como membros de sua
familia, a p107 e p130. A familia do Rb controla a transi¢cdo de fase G1 para S, regulando a
atividade da familia de fatores de transcricao E2F (Dyson er al. 1998). Em células normais, a
pRB reprime a transcri¢do depromotores E2F-dependente diretamente pela ligagdo ao dominio
de transativacdo da E2F recrutando vdrios modificadores de cromatina, tais como histonas
desacetilases (HDACs) (Harbour er al. 2000). No final da fase G1, pRB ¢ fosforilada por
complexos ciclina dependente de quinase (CDK), o que resultana dissociacio dapRB de E2F,
levando a transcri¢aoda fase S. A ligacdo da E7 de alto risco a pRB interrompe o complexo RB-
E2F, resultando naexpressdo constitutiva de genes E2F-responsivos, como ciclina A e ciclina E,
promocao da fase S precocemente e de sintese de DNA (Zerfass et al. 1995). Além de formar
complexos com a pRB, a E7 também a orienta a degradacdo através da via proteossdmica
ubiquitina-dependente (Boyer et al. 1996) induzindo a anti-apoptose. A interacio E7-pRB-
HDAC (Figura 4) € essencial para a manutencao viral e para a manutencdo de um ambiente de

multiplicagdo celular, portanto, necessario para replicacao viral.
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Figura 4. Esquema de interferéncia da E7 no ciclo celular. (A) Associacdo de pRB com o fator
E2F e consequentemente regulacio por inibi¢dao do ciclo celular. (B) Complexo E7-pRB que
resulta na liberacdo do fator E2F e prolifera¢do descontrolada celular (Silva et al., 2003).
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Além da interagdo conhecida com a pRB, a E7 é uma potente inibidora da atividade da
p21 e p27, inibidores de quinase ciclina-dependentes, evitando o controle de checagem da fase
G1 (Jones et al., 1997) por estimular indiretamente as ciclinas e através da ativacdo direta de
quinase ciclina-dependente 2 (CDK2). A atividade CDK2 é capaz de estimular ativacdo da
telomerase e amplifica¢do centrossomal, aumentando e interagindo com y-tubulina, conduzindo a
um risco maior de instabilidade gendmica; além de induzir danos ao DNA pela ativacdo da via

ATM-ATR levando ao acimulo de alteragdes cromossdmicas (Moody ef al., 2010).

A interacdo da E7 com moléculas humanas também garante a capacidade viral de escapar
ao controle do sistema imunolégico devido a sua ligacdo com componentes da resposta ao
interferon (IFN) (fator de regulacio 1 do IFN - IRF1 e p48). Tal acoplamento estimula a
formacao de um complexo que bloqueia a translocacdao do heterodimero STAT1-STAT?2 para o
nicleo em resposta ao IFN (Park et al., 2000). O bloqueio da dimerizacdo dos STATs impede a
formacdo de complexo cujo resultado seria a ativacdo da transcri¢do de genes estimuladores do
interferon, e consequentemente oimpedimento da replicac@o viral. A interacao da E7 com essas
proteinas citadas resultam em instabilidade gendmica, proliferacdo e apoptose (Moody et al.,

2010) (Figura 5).
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Figura 5. Interacdes da oncoproteina E7 do papilomavirus humano com proteinas celulares do
organismo infectado (modificado a partir de Moody et al., 2010).
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De acordo com o tipo de célula e o tipo viral, a oncoproteina E7 do HPV também pode
inibir a apoptose e causar uma diminui¢cdo dasensibilidade a morte celular mediada por citocinas.
Estudos realizados por Thompson e colaboradores (2001) demosntraram que a oncoproteina E7
do HPV tipol6 inibe a apoptose mediada pelo fator de necrose tumoral tipo o (TNFa) e ativacao

de caspase-8, em fibroblastos humanos normais.

1.5. Infecgdo pelo HPV

A infeccdo pelo HPV € o fator de risco mais importante na etiopatogénese do cancer de
colo de ttero, no entanto apresenta um padrdo transitério onde apenas 10% das mulheres
infectadas por tipos de alto-risco irdo desenvolver a doenca (Stanley er al., 2007). Conforme
varidveis pertinentes ao virus e ao individuo, o periodo de incubagao da infec¢do pode variar de
semanas até anos, onde comumente se manifesta entre duas semanas a oito meses (Ito, 2010).
Em alguns casos em que ndo foi realizado tratamento, foi demonstrado que o virus é eliminado
devido a acdo do sistema imune, em um periodo de 12 a 24 meses apds o diagndstico inicial (Ho

et al., 1998).

z

Para entender como a infeccdo pelo HPV causa resultados malignos, € importante
descrever o ciclo de vida destes virus (Figura 6). O HPV infecta os queratindcitos na camada
basal do epitélio, que se torna exposta através de lesdes. No inicio da infeccdo, o genoma viral
apresenta-se na forma epissomal onde a multiplicacdo viral é baixa e os genes virais precoces
(early) sdo expressos. A medida que o epitélio vai se diferenciando, o virus faz uso da replicacio
do DNA celular, multiplicando conjuntamete. A expressao dos genes E6 e E7 desregulam o ciclo
celular, levando a diferenciacdo das células em fase S, que permite a amplificacdo do genoma
viral nas células que normalmente teriam saido do ciclo celular. A fase final produz as proteinas
capsidiais L1 e L2 que protegem o genoma viral recém sintetizado. Nesta fase, o virus agora é
liberado nas camadas mais superficiais do epitélio podendo infectar novos queratindcitos (Cheng

et al., 1995).

1.6. Fatores de risco no cancer cervical

O fator de risco mais importante para o desenvolvimento do cancer do colo do ttero é a
infeccdo genital pelo papilomavirus humano. No entanto, fatores predisponentes sao

fundamentais para evolugdo ou regressao da patologia.
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Figura 6. Esquema comparativo do epitélio normal e infectado pelo Papilomavirus
humano (modificado a partir de Moody et al. 2010).

Park e Kang (2000) demonstraram que as proteinas E6 e E7 dos HPVs de alto risco sdo
responsaveis por gerar grande instabilidade genética, aumentando as taxas de mutacOes
espontaneas em presenca de carcindgenos como o derivado do tabaco, MNNG (N-Metil-N’-

nitro-N-nitrosoguanidina).

Potenciais fatores de risco associados ao desenvolvimento do cancer cervical podem ser
divididos em trés grupos: (1) cofatores ambientais ou exdgenos, incluindo o uso de
anticoncepcionais orais, tabagismo, e co-infec¢do pelo HIV ou outros agentes sexualmente
transmissiveis; (2) cofatores virais, tais como infec¢do por determinados tipos de HPV, carga
viral, integracdo viral e co-infec¢do com mais deum tipo de HPV; (3) cofatores do hospedeiro:
multiparidade, hormonios enddgenos, resposta imunoldgica e susceptibilidade genética (Von

Linsingen, 2008).

1.7. Classificacdo do achado citolégico

De acordo com a fase que se encontre a infec¢ao viral, o diagnéstico para o HPV pode ser
realizado de diferentes maneiras. Na fase aguda, a andlise € feita observando as manifestacoes
clinicas: condiloma acuminado (verrugas); na fase latente, € conveniente utilizar as técnicas de

diagnostico molecular — PCR e na fase sub-clinica faz-se colposcopia e microscopia dos
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raspados vaginais em busca de células apresentando alteragdes causadas pelo virus (Gompel et

al., 1997).

Por conta da subjetividade e variedade dos laudos citopatolégicos para diagndstico de
células infectadas pelo HPV, estudiosos vem buscando padronizar a classificacdo das lesdes
durante reunides organizadas pela Sociedade Brasileira de Citopatologia (SBC). A primeira
normatizacdo existente foi registrada em 1941 por George Papanicolaou, a qual foi modificada
na reunido de 1988 da SBC pela Classificacdo de Bethesda. Em 1991, esta classificacdo foi
revisada e em 2001 introduziram-se novas técnicas para deteccio do HPV em achados
citolégicos, passando a ser conhecido por sistema NIC (Frappart ez al., 2006). Na Tabela 3, é
possivel observar essas classificacoes, as substituicdes de nomenclatura e as orientagdes clinicas.
A maioria das lesdes intra-epitelial de baixo grau (NIC-1) poderia evoluir para o
desenvolvimento de um cancer cervical, no entanto, aproximadamente 90% dos casos regridem
em 12 a 36 meses sendo eliminado pelo sistema imunolégico (Syrjanen et al.,1996), ocorrendo
regressao natural. Os achados citopatologicos de NIC-1 sdo caracterizados por células
superficiais e intermedidrias apresentando alteragdes morfoldgicas, presenca de coildcitos
(Figura 7) — células com cavitagdo perinuclear com nicleos volumosos, cromatina borrada, bi
oumultinucleacao (Gompel e al., 1997). Caso a infec¢@o persista, pode ocorrer a evolugdo desta

lesdo inicial para um NIC-2 e até um carcinoma escamoso.
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Figura 7. Microscopia Optica demonstrando alteracdes morfoldgicas
celulares causadas pelo HPV — Coilécitos (Burd er al., 2003).
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Tabela 3. Classificacdo de Papanicolau, Bethesda e NIC para displasias de células escamosas cervicais —
Interpretacdes e  orientagdes. (modificado a partir de Burd et al.  2003) e
http://www.prevencaodecancer.com.br

Classificacao Interpretacao Orientacao
Papanicolau Sistema Bethesda Sistema NIC
Classe I Negativo para células Normal Normal Repetir exame em 1 ano
neoplésicas ou conforme orientagdo
médica.
Classe II Inflamatério Caracteristico Repetir exame em 1 ano
da 2° fase do ou conforme orientagcdo
ciclo ou médica e tratar inflamacdo
corrimento se necessario.
Atipia ASCUS - atipias de Leve suspeita de Colposcopia e bidpsia
celular células escamosas de alteracdo dirigida definirdo o
escamosa carater desconhecido tratamento
Atipia AGUS - células NIC 1 Suspeita de Colposcopia e a bidpsia
celular glandulares atipicas alteracdo dirigida que definird o
glandular tratamento. Em caso de
menopausa, investigar o
endométrio.
Classe III LSIL - lesdo intra- NIC 2/3 Alterado Colposcopia e bidpsia
epitelial de baixo dirigida definirdo o
grau tratamento
HSIL - lesdo intra- Alterado Idem

epitelial de alto grau

Classe IV HSIL - lesdo de alto Alterado Idem
grau
Classe V Suspeita de cancer Carcinoma celular Alterado Idem
€scamoso
invasivo,
Adenocarcinoma

1.8. Papilomavirus humano versus Céancer do Colo do Utero

No final dos anos 60, a neoplasia cervical eraassociadacom a presenca do herpes virus
tipo II (Rawls er al., 1968). S6 no comeco da década de 70, as associacdes do cancer cervical
com o HPV foram confirmados (zur Hausen, 1974). O pesquisador alemdo e virologista Harold
zur Hausen, vem conduzindosuaspesquisas nesta drea por muitos anos e fazcontribuicdes até
hoje, principalmente relacionados com a associacdo do virus com as lesdes causados no homem'.
Atualmente, sabe-se que o HPV pode ser encontrado também em cancer de pénis, vagina, vulva,
anus, regido perianal e cabegca e pescoco (zur Hausen, 2009a; 2009b), sitios de infec¢do

diferentes ao qual foi originalmente vinculado (zur Hausen er al., 1977; Shukla er al., 2009).

"Em 2008, esta associacdo foi premiada com o Prémio Nobel de Medicina (http:/nobelprize.org/nobel prizes/medicine/laureates/2008/).
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Mundialmente, a neoplasia do colo do ttero acomete 500 mil casos novos por ano, sendo
responsavel pelo 6bito de aproximadamente 230 mil mulheres. Este cincer € o segundo tipo mais
incidente em mulheres nas quatro regides pesquisadas (Brasil, Nordeste, Pernambuco e Recife).
A infec¢ao pelo HPV no colo uterino, quando descoberto no estdgio inicial, apresenta excelente
progndstico, ou seja, tem ampla possibilidade de cura. No entanto, quando hd o diagndstico
tardio, as taxas de mortalidade sdo altas. No Brasil, visando alterar esse perfil de morbidade e
mortalidade feminina por cancer de colo uterino (Figura 8), o Ministério da Saudde criou, em
1997, o Programa Viva Mulher. A forma de abordagem adotada pelo Programa € o oferecimento
do exame citopatolégico as mulheres de maior chance para o desenvolvimento de cancer do colo
do utero e suas lesdes precursoras, além do tratamento ou acompanhamento das lesdes

detectadas.
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Figura 8. Representaciio espacial das taxas brutas de incidéncia de neoplasia maligna do colo do ttero
por 100 mil mulheres (INCA, 2010).

O tratamento priorizado para o cancer cervical € em nivel ambulatorial, por meio da
cirurgia de alta freqiiéncia (CAF) orientada pela colposcopia (Brasil, 2001). Hoje, o programa
busca integrar todos os dados coletados ao longo dos anos, desde sua implementagdo com o
Sistema de Informagdo do Cancer do Colo do Utero (SisColo) integrado com outros sistemas de
dados como, os do DATASUS. Este sistema € ttil como um indicador, revelando o alcance das
mulheres da populacdo estudada através da oferta de exames (Ministério da Saude, 2010).

No Brasil, desde 2006, estao registradas pela Agéncia Nacional de Vigilancia Sanitéria

(Anvisa/MS) duas vacinas profiléticas: a Gardasil e a Cervarix. A primeira imuniza contra quatro
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tipos virais: HPV 6, 11, 16 e 18, enquanto que a segunda tem agdo sobre os dois tipos mais
malignos, o 16 e 18. As duas vacinas sao baseadas na injecdo de particulas semelhantes aos virus
(VLPs), no entanto com auséncia de DNA viral responsavel pela sua viruléncia (Stantey, 2007).
A incorporacdo da vacina contra HPV no Programa Nacional de Imunizagdes estd em discussao
pelo Ministério da Satide e pode se constituir, no futuro, uma importante ferramenta no controle

do cancer do colo do ttero.
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2. JUSTIFICATIVA

O cancer é um grande desafio cientifico no que se refere a sua compreensao bioldgica,
prevencdo e controle. O HPV16 e o 18 sdo os tipos de HPV mais comumente envolvidos na
malignizacdo de lesdes cervicais que levam ao cancer, sendo conjuntamente responsiveis por
mais de 70% dos casos. Este trabalho foi realizado com o intuito de contribuir para um maior
conhecimento acerca da compreensao do mecanismo de agdo viral, utilizando busca de variantes
e localizacdo dos possiveis sitios de infeccdo viral. O virus é capaz de infectar diversos sitios
corporeos, sendo apontado como possivel causador de outros tipos de canceres além do cervical.
O tipo de variante encontrado numa determinada popula¢do pode resultar num fator de risco
adicional para a infeccdo em diferentes sitios do corpo e além do desenvolvimento de carcinoma
invasivo do colo do utero. O conhecimento adquirido com esse trabalho podera ser util para
avaliacdo da evolucdo e histéria natural das neoplasias provocadas pela infeccdo pelo

Papilomavirus humano.
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3. OBJETIVOS
3.1. Objetivo Geral

Avaliar a abrangéncia da infeccao pelo Papilomavirus Humano em diferentes sitios do
corpo, observando a presenca dos diferentes tipos virais e variantes do HPV16 em amostras de
lesdes genitais femininas, alem de desenvolver um sistema de expressao que permita produgdo e
purificacdo eficiente da oncoproteina E7 viral com intuito de ampliar o conhecimento sobre sua

importancia na malignidade viral.

3.2. Objetivos Especificos

- Prospectar possiveis sitios de infec¢ao onde o HPV ja foi isolado no corpo humano;
- Selecionar um sistema bacteriano para expressdo de proteinas heter6logas eficiente;
- Identificar a presenca do HPV em amostras coletadas de lesdes genitais;

- Identificar os tipos de HPV 16 variantes mais frequentes na populacio estudada;

- Identificar diferentes SNPs nos genes E6 e E7 dos variantes de HPV16 obtidos de amostras

clinicas;

- Sub-clonar o oncogene E7 do HPV16 em sistema de expressao bacteriano.
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ABSTRACT

Human papillomavirus (HPV) is currently a clinically important virus in view of the
highest number of lesions that it causes at different sites of the human body. The
diagnosis of HPV infection should be made based on visual inspection of characteristic
clinical signs and laboratory tests. Organs of the genital tract are more common sites
where this virus can be found, but with the increasing the sensitivity of diagnostic
technique, it is possible to identify viral presence in different regions of the body such
as tissues of the digestive, respiratory and urinary tracts. These findings demonstrate
that HPV is able to infect various cells, tissues and organs. The widespread presence of
the virus in the human body, often in latent form, led us to consider the hypothesis that
human papilloma virus latency may be associated with no disease, which opens
questions about the chance of this virus not causing disease in specific sites of the

human body, but rather behaving like a symbiotic microorganism.

Keywords: Human papillomavirus; viral dissemination; neoplasia; condyloma; warts;

cervical cancer.



INTRODUCTION

Viral infections, such as those caused by HIV, HCV, Ebola, and others
constitute a public health problem worldwide, especially in developing countries.
Papillomaviruses (PVs) are currently represented by 189 genotypes of which 120 were
isolated from humans'. They are divided into 16 PVs genera’, and alpha-papillomavirus
is considered the most clinically important genus as it includes the largest number of
HPYV that cause lesions. HPV types can be broadly grouped according to the degree of
cell damage that they are able to cause, resulting in high or low risk’. Additionally, they
can be described as cutaneous types or mucosotropic types based on their tissue
tropism’. The aim of this review is to give an overview of HPV infection sites in the
human body beyond the genital tract. Moreover, the ‘infective’ nature of this virus
needs elucidation as human papillomavirus (HPV) can establish latent residence in

normal epithelia and in lymphocytes without clinical sign of disease’.

VIRUS BIOLOGY

The HPV genome consists of double-stranded circular DNA of about 8 kb
comprising three regions. The non-coding region is called the Long Control Region
(LCR), containing the viral origin of replication (ORI) and most of the transcription
promoters. Two genes are in a region designated Late (L1 and L2), since they are the
last genes to be expressed’. They encode structural proteins and facilitate the release of
virions by the formation of a viral capsid’. Most viral genes are located in the early
region (Early), which is expressed at the beginning of the viral cycle. Proteins ES, E6
and E7 are classified as oncogenic because they are involved in malignant
transformation of HPV-infected cells”. E1 and E2 are known as regulatory proteins,
while E4 protein is responsible for viral maturation and altering the intracellular matrix.
In high-grade intraepithelial cancers, E1/E2 genes are depleted/interrupted’.

The information obtained about the life cycle of papillomaviruses comes from natural
infections in animals, including rabbits, cattle and dogsm , since in vitro replication of
papillomavirus are limited due to the difficulty in reproducing the stratification

necessary for cellular viral maturation. Human infection with HPV is most focused in



cervical cancer; the first site in the body in that HPV was found''. The infection usually
begins with the entry of the virus into cells of the basal layer of the epithelium (10 viral
copies/cell). When they reach 50 copies/cell, the genes E1, E2, E6 and E7 begin to be
expressed, leading to viral replication with low expression of these genes, in parallel
with cell replication. The amplification of viral copy number greater than 1000
copies/cell is characterized by high expression of genes E6, E7, E1, E2, E5 and E4.
Expression of L1 and L2 allows the production of capsid protein, resulting in the release

of the virus by programmed cell death’.

In benign lesions caused by HPV, the virus can remain in the episomal form -
free inside the cell - where after its life cycle and epithelial maturation, it is released
through lysis of the cell. However, viral DNA can integrate into the genome of the host
and initiate the carcinogenic process' . During the integration of the viral genome into
the human genome, there is partial loss (E2 and L2) or total (E4 and ES5) of some viral
proteins' . In this case, the absence of E2 protein expression can lead to an increased

transcription of the E6 and E7 oncogenes of HPV types such as HPV16'".

CLINICAL ASPECTS

Characteristics lesions caused by the infection with HPV should be observed
under visual inspection of characteristic clinical signs and presence of viral DNA
through molecular tests. In the acute phase, the examination involves looking for the
presence of condyloma acuminata (warts) and biopsy for histopathology. The presence
of condyloma lesions in uterine cervix is determined by colposcopy or VIA (visual
inspection with acetic acid), used to exacerbate pre-existing lesions and make it easier to
detect the aceto-white epithelium suggestive of HPV infection'’. In sub-clinical cases,
colposcopy and microscopy of vaginal smears are used to search for cells with changes
caused by the virus'®. Procedures that examine the anus and rectum, as digital rectal
examination, proctoscopy and anuscopy are considered effective in detecting these

17
tumors .

In the latent infection, without clinical sign, sensitive diagnostic techniques such

as polymerase chain reaction (PCR) should be used. Other methods can be used for



diagnosis, such as in situ molecular hybridization and hybrid capture'”. A recent study
showed that 78% of samples with dyskaryotic cervical cytology that initially tested
negative for HPV could be considered positive after re-analysis using microarray tests,
which show greater sensitivity than other methods'’. HPV has been identified not only
in gynecological carcinomas but also in tumors of other organs, especially of the

oropharynx and upper aero-digestive tract.

Once the lesions are found, the objective of treatment involves the reduction,
removal or its destruction. Recurrence of infections caused by HPV can result from
latency of the virus, intrinsic failure of the therapeutic method used, new contamination
or self-contamination'®. The methods available for the clinical treatment of HPV are
divided into application of topical agents, surgery and immunotherapy (Table 1). The
choice of therapeutic treatment should be made according to patient characteristics, such
as number, size and type of lesions (acuminate, flat or both) and infection site.
However, it is interesting that lesions with low-risk HPV types has no clinical
application, thus, cannot be recommended treatment’’, suggesting the spontaneous

resolution.

INFECTION SITES

At the end of the 1960s, cervical cancer was incorrectly associated with herpes
virus type II'', and this link was adjusted in the following decade''. At the start of the
1970s, the association between cervical cancer and HPV was confirmed. A German
research virologist, Harold zur Hausen, conducted studies in this area for years which
contributed to this important discovery, and in 2008, he was awarded the Nobel Prize.
Currently, it is known that HPV can be found in several other sites of infection, not only
in the genital region, which was originally the basis of the link™* (Figure 1). HPV is
recognized as the causal factor of anogenital cancers (cervical, vaginal, vulvar, anal, and
penile), and regions of head and neck cancers (oral cavity, pharynx, and larynx).
However, for all other cancers describe here, the role of HPV is still under debate

remaining unclear the relationship of this virus with some cancer sites.



Uterus

The World Health Organization (WHO) estimates that the number of global
cancer deaths is expected to increase by 45% from 2007 to 2030 (from 7.9 million to
11.5 million deaths), and new cases of cancer in the same period are predicted to jump
from 11.3 million in 2007 to 15.5 million in 2030. According to the Pan American
Health Organization (PAHO), cervical cancer is projected to affect around 750,000
women by 2020 and 1 million new cases by 2050. Studies over the past 30 years show
that the risk of HPV infection in the uterine cervix is very influenced by certain
predisposing factors, which may influence vaccination™. Sexual activity, number of
sexual partners, age at onset of sexual activity and encounter with sexual partners,
hormone replacement therapy’', smoking, multiparity and other sexually transmitted
diseases may increase the chances of viral infection”. A genetic predisposition,
frequency of re-infection, co-infection with more than one HPV type and altered
hormone levels are also mentioned as facilitating factors for infection™. Individual
genetic characteristics, such as the polymorphism of major proteins of innate immunity,
have also been linked to HPV infection, where mannose-binding lectin (MBL) shows a
high association with the risk of HPV infection’’. A mutation in amino acid residue 72
(P72R) of p53 is also cited as a predisposing factor for HPV infection’®. An Italian
study comparing women who never smoked with current smokers showed an increased
risk of HPV infection of 44.2% compared with 23.5% in never smokers, and high
possibility of multiple-type viral infections was observed”. Predisposition to viral
infection has been related to lifestyle and geographic disposition, making it important to

analyze the incidence data of HPV type in particular populations.

Vagina

The incidence of invasive vaginal cancer is almost 1 per 100,000 women, where
it is considered a rare disease’’. Acuminate vaginal lesions occur in less than 30% of
women with vulvar condylomatosis'g. HPV16, 18, 30, 58, 66, and 74 are associated
with cancer of the vagina’', as well as other risk factors such as exposure to
diethylstilbestrol in the uterus, immunosuppressive therapy, smoking’’, chronic
irritation from the use of a vaginal pessary, radiotherapy for cervical cancer and genital

herpes infections'®. A vaginal infection is predominantly subclinical, and therefore



under-diagnosed. It is characterized by an aceto-white epithelium and condylomatosis
as white dots’’. The symptoms are thick white discharge adhering to the vaginal wall,
because of epithelial desquamation, and complaints of itching, burning and

. 33
dyspareunia .

Vulva

Vulvar carcinoma is found in 3-5% of all gynecological malignancies, and 1% of
all cancers in women, with an incidence rate of 1 to 2 per 100,000 patients’’. Squamous
cell carcinomas (SCC) are the most common histological subtype, where they are
observed in 90% of vulval cancer cases. It is a non-estrogen-dependent lesion”". HPV16
and 18 have been associated with non-keratinizing SCC in young women’ . HPV16 is
the most frequent in vulvar cancer and in the region between the clitoris and urethra™.
Age of menarche, menopause, early sexual activity, number of partners, education,
smoking, hysterectomy, and use of oral contraception or hormone therapy are well-
known risk factors for vulvar carcinoma’ . Vulvar intraepithelial neoplasia (VIN) can be
classified as bowenoid and basaloid, according to the age of women affected. Bowenoid
VIN affects young patients and is characterized by multiple lesions positive for HPV16,
usually in bilateral areas with no hair'®, with high capacity for natural regression. On the
other hand, basaloid VIN is rare and typical of advanced age with location in areas with
hair, unilaterally. The signs and symptoms in vulvar HPV infection may be varied and
include the presence of warts (64%), itching (20.3%), discharge (4.6%), burning (2.7%),
ulcer (2,3%), pain (1.4%), spots (1.4%), bleeding (1.0%), and dyspareunia (0.5%),
which may be asymptomatic in 1.85% of cases'". The differential diagnosis of lesions
associated with HPV in the genitalia can be complex due to the number of physiological
and pathological conditions that may be similar to condyloma acuminatum, such as
Buschke-Lowenstein tumor (giant condyloma), verrucous carcinoma, fibroepithelial

polyps and vestibular papillomatosis .

Ovary
Ovarian cancer is the second most common gynecological malignancy in
developed countries’ . Epithelial ovarian cancer (EOC) accounts for more than 90% of

ovarian malignancies and is classified into four main histological subtypes - serous,



endometrioid, clear-cell and mucinous carcinomas'’. HPV was detected in
approximately 90% of endocervical adenocarcinomas’' and squamous intraepithelial
lesions’”. HPV was also identified in ovarian neoplasms, as showed for ovarian and
endometrial cancer tissues examined for the presence of HPV showed amplification
result for E6 gene. The amplified DNA sequences were then detected with Southern blot
hybridization analysis. HPV was detected in both benign (50% ovarian, 70%
endometrial) and malignant ovarian (27.2%) and endometrial (37.5%) tissue samples =,
The identification of viral DNA in ovarian and endocervical tumors may suggest the
interpretation of metastasis related to areas of the genito-urinary tract. However, some

authors found no relation between ovary malignance and the presence of HPV, showing

the controversial condition of the infection.

Stomach

Because of the epitheliotropic nature of HPV, a link between intra-oral
squamous cell carcinoma (OSCC) and this virus has been the focus of some research’ "
. Food has been a new target of study as a co-factor for cancer caused by HPV.
Pteridium aquilinum, a plant commonly known as brackens, can cause chromosomal
abnormalities and hematuria in cattle, and in humans, it acts as an immunosuppressive
agent, reducing the capacity of the immune system's resistance to the virus'’. In
humans, it is known that quercetin (5,7,3’,4'-tetrahydroxy-flavone), a flavonoid present
in P. aquilinum, stops keratinocytes in G1 phase of the cell cycle, increasing the cyclin-
dependent kinase inhibitor, p27Kip1, which is involved the expression of oncoproteins
E6 and E7 in HPV16-transformed cells, leading to the failure of the cell cycle'’. Both
men and animals have the virus in its latent form when eat the bracken, and they release
their toxins allowing the virus to develop. This occurs due to the preference of the
toxins by lymphocytes, causing chromosomal change and intense proliferation of
growth factors and progression tumor . Through cytogenetic analysis of peripheral
blood of animals with intoxication due this plant, Santos et al. (1998) reported that there
is a possible association between cancers caused papillomavirus (PV) and the toxins

originated from Pteridium"’ .



Anus, Colon and Rectum
The association of HPV infections and epithelial abnormalities in the anus and

rectum has been investigated since the 1980s™ '

. Dysplasias and malignancies of the
colon and rectum may also be related to HPV infections, up to 74%. In women, the
direct relationship between cervical and anal infections is not clear. However, there is a
higher prevalence of HPV in the anal canal of women with cervical intraepithelial
neoplasias grade III’". Moreover, there is a strong correlation between anal HPV
infection and HIV-positive patients of both sexes, with anal infection being associated

54,55

with multiple HPV genotypes™ . Family history of cancer of the colon and rectum,
genetic predisposition to the development of chronic diseases of the intestine, diet high
in animal fat, low consumption of fiber, and excessive alcohol consumption and
smoking are described as the main risk factors associated with this neoplasm™. Anal
cancer has a great potential for cure if detected at an early stage, but its symptoms are
similar to those of adenocarcinoma of the rectum (rectal bleeding, abdominal pain,

change in bowel habits and weight loss’’.

Bladder

A variety of infectious conditions, including urinary tract infection, gonorrhea,
syphilis, other bacteria and viruses such as HPV, HIV, HSV, and BK have been studied
as potential risk factors for bladder carcinoma’. However, there are discrepancies in the
literature about the involvement of HPV in the etiology of cancer of the bladder’” .
HPV may have a great role in the progression of specific bladder malignancies, such as

transitional cell carcinoma, promoting higher stages and/or grades through the

. . . . 1
inactivation of tumor suppressors or other unknown mechanisms’'.

Penis and prostate

Penile carcinoma is a rare and potentially mutilating disease with a varied
etiology, and HPV is considered a possible etiologic agent for cancer development.
According to the method used for identification and geographic location, the prevalence
of HPV DNA in carcinoma of the penis varies between 20 and 80%°" *". One study
showed that about half of the penile tumors were associated with HPV 16/18 with little

presence of other genotypes”’. According to its location on the penis, HPV can be found



in the internal prepuce (60-90% of cases), body (8-55% of cases), the glans (1-20% of
cases) and the scrotum (5-20%). Viral DNA has never been found in
pseudoepitheliomatous keratotic and micaceous balanitis (PKMB), but a recent study
suggested that HPV infection could allow the transformation of verrucous carcinoma in
PKMB"". The importance of HPV detection is related to the fact that men could act as a
viral reservoir, transmitting the virus to their sexual partners, since it has been identified

in the prostate and semen”’

. Additionally, normal tissue and prostate cancer tissue are
susceptible to infection by HPV, which could be considered a risk factor for the
progression of cancer”’. HPV16”® and 18°” have been detected in patients with prostate
cancer. The actual rates of HPV in prostatic adenocarcinoma oscillate between 0 and
75%, and many authors believe that the prostate is an important reservoir for HPV in

70
men .

Head and neck

The term "head and neck cancer" includes lesions that affect regions such as the
mouth and oral cavity, nose and paranasal sinuses, pharynx and larynx’'. Thus, there are
a variety of malignant and benign lesions of the head and neck that are related to HPV'”.
The mechanism of viral transmission of this type of cancer is poorly understood. It is
believed that the epithelium of the deep tonsillar crypts, which is in straight contact with
the lymphoid tissue, could be more vulnerable to HPV infection or transformation.
Haddad et al.”” proposed viral transmission among married couples as PCR diagnosis
revealed 1identical viral genomes between them. Humoral response such as
immunoglobulin production was also related to the viral infection*. In this study the
authors propose that women with low levels of total secretory IgA is more susceptible
to HPV infection of the oral mucosa. Respiratory papillomatosis was described in
children with benign lesion with high probability of recurrence, which can be
effectively treated with locally administered of cidofovir’”. Squamous cell carcinoma of
the oral mucosa is highly associated with high risk HPV'®, especially HPV26''.
However, in HIV-positive patients, healthy mucosae may show the presence oncogenic
types of HPV'®. The patient's age, HPV type and numbers of surgeries are prognostic
factors in the course of the disease, as well as the density of CD83+ dendritic cells in

cancerous laryngeal tissue’”. In the pharynx, the lesions caused by HPV, have been

10



described as benign. However, squamous cell carcinoma of the oropharynx was recently
described as positive for HPV16 and 33, some with long-term survival after chemo-

s e 80,81
radiation treatment” .

Ear

Chronic ear infections can be attributed to bacteria, but also have been
associated with the presence of HPV. Patients with cholesteatoma of the middle ear
have been shown viral DNA in the ear”. Findings demonstrated that HPV6 and 11 were
reported to be present in those types of the ear lesions’’. This association could be
related to the fact that HPV could find the possibility of replication in cholesteatoma of
middle ear, since retraction pockets of epithelium and junction lines between squamous

. . 84
epithelium and mucosa occur .

Lung

Cancer of the lung is the most common type of cancer in the world. Risk factors
related to this type of cancer is exposure to asbestos, the radioactive gas radon,
environmental pollution, and recurrent pulmonary infections related to excess and
deficiency of vitamin A. HPV6 and HPV11 are largely related to the occurrence of
recurrent respiratory papillomatosis - lesions that occur mainly in the larynx — with

. .. e .1 .85 8
geographic variation in incidence rates worldwide™ *°

. The incidence of HPV in lung
cancer in reviewed article varies from 0% (France-Toulouse/Cannes, Germany-Berlin +
Heidelberg, Greece-Athens, USA-Texas, Japan-Kagawa) up to 79% (Greece-Athens
69%, Taiwan-Taichung 78.5%, Japan-Okinawa 79%), mainly in frozen and fixed-
formalin paraffin embedded samples. In Europe and USA, the average reported
incidences around 17% and 15%, respectively; while Asian lung cancer samples

showed 35.7% of HPV infection rate *’.

Eyes

Infection with epidermodysplasia verruciformis-type human papilloma virus
(EV-HPV) was described as capable of causing ocular cancer, with 86% of
malignancies in biopsy samples of conjunctival cancer’”. Despite the retinoblastoma

are predominantly of hereditary cause, the viral DNA was found in 82.3% paraffin-
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embedded samples of retinoblastoma tissue from Mexican patients with high prevalence
of HPV06 (95.2%)". Indian patients with retinoblastoma showed 47% prevalence of
HPV16 in 57% of samples with high degradation level of pRB”’. These observations
suggest a role of HPV in the progression of this disease and lead some authors to
believe that HPV can act as a co-factor in the progression of retinoblastomas’ . A recent
study described HPV0O5 and HPVO8 prevalence in squamous cell carcinoma of

conjunctiva from HIV-positive patients””.

Breast

The etiology of breast cancer is not yet clarified, but it is known that some
factors are associated with its pathogenesis, such as family history, hormones, smoking,
alcohol consumption, and some viruses ~. The possibility of involvement of HPV in
breast cancer was described by Di Lonardo and collaborators’', who detected HPV16 in
29.4% of women with breast cancer. Considering that breast region has a different
response to steroid hormones, HPV infection can be greatly affected, since steroids can
interact with viral LCR increasing transcription and transformation in infected cells”.
Paraffin embedded breast carcinoma specimens screened for HPV16 and 18 showed a
24.75% incidence in breast carcinomas, suggesting that their presence in the breast
could be related to development of the malignant phenotype”. The prevalence of alpha
mucosal HPV was verified in 8% of colostrum and milk samples. Beta HPV types were
highly prevalent in the epidermis of the nipple’’. However, the findings do not support

the notion that HPV plays an important role in breast cancer .

Skin

About 10% of the global population has some form of wart at some moment in
their life, which explains its frequent finding in both pediatric clinics and adult lesions'*.
Normally, occurs regression, but warts may progress into malignant skin cancer during
immunosuppression, where the new type of HPV 117 had been found in cutaneous

99

warts . The transmission of HPV seen in clinical dermatology can occur via sexual

activity (anogenital warts and orally), skin contact (contaminated objects and surfaces)
or perianal contact (uterus). The association of HPV with exposure to ultraviolet light'"’

has been suggested to be of relevance for the development of non-melanoma for up-
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regulated the transcription from HPV-8, 93 and 96 '’ and a risk factor for the formation

of epidermodysplasia verruciforme (EV), where HPV5 and 8 were more associated' .

Blood

Circulating HPV DNA has been detected in advanced stages of cervical cancer,
where studies have shown that the prevalence of HPV16 in plasma could be an
important prognostic marker of advancing cervical disease'”’. HPV16 was also found in
lymph nodes of patients with early stage cervical carcinoma, where it was localized in
mononuclear cells of 92.3% of patients with cervical infections'’’. These data suggest
that these cells could carry the virus through the blood. Hypothetically, HPV in plasma
could be the result of bloodborne virus particles or necrosis of cells resulting in release

105

of viral DNA into the circulation . Viral detection in the blood of patients with

cervical carcinoma with HPV was 11.8% whereas papillomavirus DNA in the lymph

)

node was detected and correlated with metastasis'"’. Since HPV is an epitheliotropic

virus, its presence in the bloodstream, associated with peripheral blood mononuclear

cells can be interpreted as a type of metastasis'* ",

Otbhers sites

The hands can act as a medium in many diseases, where fingers and nails are
pointed out as an alternative mode of viral transmission, in addition to the contact with
the mucous membranes. In 27% of patients, an association was found between HPV
type detected in hands and genital lesion of the same patient'”’. Periungual squamous
cell carcinoma (SCC) is frequently associated with alpha-HPV infections, suggesting
that capacity plays an important role in tumorigenesis, noting that beta-HPVs are
rare' . The wart lesions caused by HPV can also lead to nail dystrophy when infection
occurs in the matrix. Genotyping has shown the presence of HPV16, 34, 35 and 57 with
SCC of the nail''". HPV15 was also associated with an X-linked dominant disorder
(incontinentia pigmenti) with subungual tumors''”.
The presence of HPV in hairs plucked from the pubic and perianal regions of patients
with genital warts was investigated, since they are of clinical importance in the
development of anogenital warts. HPV6 and 11 was found in 24% of hair samples from

the pubic area and 36% from the perianal region' . Viral presence and distribution in
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the plucked eyebrow hairs showed different HPV genotypes: SIBX4, SIBXS and
SIBX6''". These results suggest that hair follicles can act as an endogenous reservoir for

HPV, which may play a role in recurrences of genital warts.

FINDINGS OF HPV WITHOUT CYTOLOGY ALTERATION

Shukla et al. (2009) showed in their study the prevalence of HPV infection in
cancers of different organ sites in Indian population'"”. Despite the large number of
different types of cancer in which HPV was found, these numbers are low in people
infected by this virus. In women infected by HPV, 90% of the infections resolve
spontaneously, only 10% can become persistent which 3-4% can progress to

116

intraepithelial lesions . The incidence of high-grade lesion will achieve 0.7 to 1% and
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0.1% may progress to invasive cancer if not detected and treated early
initially diagnosed as positive for HPV and subsequently described with undetectable
levels of HPV showed higher rates of CIN regression (63%) than patients with HPV
persistence 41%)"'".

Some controversial findings of viral DNA in putative uninfected samples for HPV or in

118,119
control groups

leads to a reflection about the viral history. HPV colonization has
been suggested as protective to the host and this virus could exist as commensal without
causing any detectable existence or can be lead to a verrucous structure’. Similar
association of protective effect has been shown for Epstein—Barr virus, human
cytomegalovirus and herpes virus, being able to confer resistance to infection by

120

bacterial pathogens'*’. HPV was also indicated to be an opportunistic virus'~' once the

pathogenicity is activated for co-infections with the HIV'*".

Moreover, there is a tendency to abolish the HPV type classification in high and low
risk, whereas HPV6 has been isolated in cancer penile under single and multiple
infections'”’. Therefore, it seem that in the future HPV risk type will be related to the
characteristics of the host through biochemical and immune imbalance associated with
risk factors for HPV acquiring that are responsible for the progression of precursor

lesions to cancer.

FINAL REMARKS
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Infection of the cervix is the most studied clinical occurrence involving HPV,
but this virus can be found in several sites in the human body. Only now, with more
powerful technologies such as high sensitive HPV chips, the detection of HPV at
different body sites have been described, usually involving virus types other than
cervical ones. Reviews and papers in this area make us wonder whether HPV can occur
in at a certain site in humans without causing disease appoint the possibility that HPV
acts as an opportunist microorganism. This fact can explain the findings of this virus in
the body without resulting in clinical signals and in predisposing moments like immune
depletion developed the pathogenicity. Further studies should clarify whether the
presence of the virus in different organs can be considered a rare clinical finding or

simply something that has been overlooked, and therefore under-diagnosed.
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Table 1. List of treatment according to the clinical lesion caused by Human

. . 9,15
papillomavirus.

TREATMENT

APPLICATION

Trichloroacetic acid

(80-90%)

Lesions vulvar and penile.

5-Fluorouracil (5%)

Lesions on the penis, male urethra, vulva and vagina.

Interleukin-2

Refractory lesions caused by HPV.

z
=
Q
&
= Podophyllin (25%) Skin lesions
Q
a
o
=
Interferon After surgical removal of visible lesions, as adjuvant
treatment.
Imiquimod (5%) Vegetative lesions.
Curettage Verruciform lesions.
@ Conization and excision to high| Intraepithelial neoplasia located in the area of
=
é frequency transformation.
<
= [Excision with scissors Verruciform  lesions, especially  exophilic and
§ pedunculated.
a0
=
a IExcision with scalpel Intraepithelial neoplasia of the skin and mucosa.
CO; laser Lesions on the vulva, vagina, uterine cervix and urethral.
- Thuya occidentalis Vegetative lesions such as warts, papillomas, condylomas
5
‘é and excrescences of various types.
o
QE’ Acupunture Adjuvant treatment of papillomatosis lesions.
]
T
Retinoid Viral lesions of the skin and mucosa and help in the
surgical treatment after invasive cancers, precancerous
>
3 skin lesions, cervix and vulva.
Q
< — ; - -
‘é [soprinosine Relapse after treatment with physical agents in
=) . . . .
g condylomatous lesions, lesions associated with
=)
RS

intraepithelial neoplasia, and lesions that are refractory,

recurrent and extensive.
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ABSTRACT

In this study we successfully developed an easy method to detect the expression of heterologous
B-galactosidase in E. coli strains during bacterial growth. The colorimetric assay was used
together with SDS-PAGE to determine the higher efficiency of ORIGAMI(DE3) to express b-

galactosidase gene with low background of bacterial proteins.
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Recombinant protein expression systems based in Escherichia coli are commonly used due to its
easy handling, well-established protocols and high protein yield and purity, associated with the
low cost of cultivation (1). Different alternatives have been used for increased activity in this
system, like codon usage, adjustment of cultivation parameters and selection of expression
strains (2). The commonest B-galactosidase assay is based on hydrolyses of the synthetic
compound o-nitrophenyl--D-galactoside (ONPG) that is also recognized as chromogenic
substrate (3). The aim of this study was to develop a method to observe the expression of cloned
B-galactosidase in bacterial strains during the growth and select the most adequate recombinant

according to the protein background profile.

We used E. coli BL21(DE3) containing plasmid pET16b/lacZ (Novagen®) for recombinant
expression of B-galactosidase. ORIGAMI(DE3) (Novagen®) and KRX (Promega®) were used
for comparison after cloning pET16b/lacZ. pET16b empty was used as control for cloning and
expression steps. The plasmids were transformed in E. coli competent cells by heat shock (4) and
incubated overnight in plates with Luria-Bertani (LB - tryptone 0.5%, yeast extract, 1.0% NaCl)
media containing antibiotic at 37°C. Recombinant colonies were selected by ampicilin-resistance
and identified by plasmid extraction. Strains of E. coli were grown overnight at 37°C in
Erlenmeyer flasks containing 10mL LB medium with 100 ug.ml'1 ampicillin under 150 rpm in
orbital shaker. Cells were re-inoculated in 250mL flasks with S0mL of LB medium growing at
37°C and 150 rpm until ODggo 0.4 to 0.5. Then, the flasks were transferred to 25°C condition and
induction of the LAC promoter was performed with addition of 0.5 mM IPTG (isopropyl B-D-1-
tiogalactopiranoside). Promoter induction was observed by visual inspection during the first six
hours after addiction of 80ug.ml"" ONPG or 5pg.ml” X-Gal in the culture, under light protection.
After 16 hours of induction, the cells were centrifuged at 3,000 x g for 30 min and the pellet
suspended in 4mL of breaking buffer (50 mM sodium phosphate pH 7.4, 1 mM PMSF, 1 mM

EDTA, 5% glycerol). Glass beads were added for corresponding pellet volume for mechanical
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lyses with four cycles of 30 seconds ice-vortex. Supernatant was harvested at 3,000 x g for 20

minutes at 4°C and analyzed in SDS-PAGE 15%.

A colorimetric screening method was analyzed with E. coli strains cloned with LacZ gene. Two
substrates (ONPG and X-gal) were added to the media during bacterial growth. All strains were
able to express the recombinant (3-galactosidase and BL21(DE3)/pET16b/lacZ culture is showed
in Fig.1. Yellowish color was observed in the first two hours of growth induction, indicating -
galactosidase activity once it hydrolyses ONPG, analogous lactose substrate. The blue color was
obtained with X-gal (5-bromo-4chloro-3-indolyl-B-D-galactoside) chromogenic substrate in the
same time, as response of enzyme activity. An advantage of this method is the use of X-gal in
substitution of ONPG for -galactosidase assay, saving money and timing for beta-galactosidase
screening directly in growth culture. This methodology is easy to realize in initial cloning steps
and does not require special equipment or personal training as observed for conventional
method, like ONPG color reaction and histochemical staining (5). Besides, the insolubility and
stability observed for X-gal allows the storage of the sample for further studies, maintaining the
color (6). This method is not indicated for recombinant systems that produce low concentration
of the target enzyme, once colorimetric assays for B-gal have detection limit around 100pg

compared to chemiluminescent assay that detects fentogram level (7).

Bacterial protein extracted was analyzed in electrophoresis after the induction, in order to
determine the most adequate E. coli strain for B-galactosidase production. It was possible to
visualize the correspondent band around 116KDa, for all strains. ORIGAMI(DE3), that carries
mutations in thioredoxin reductase (trxB) and glutathione reductase (gor) genes, showed lower
background protein (Fig. 2) without losing the concentration of [-galactosidase. BL21(DE3)
showed similar band profile for B-galactosidase, but the homologous proteins were not inhibited
by the presence of the inductor IPTG that leads to lower final concentration of the target protein.

Its genotype lon and ompT protease deficient could allow the maintenance of bacterial proteins
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in the medium, reducing the efficient of the purification step. Despite ORIGAMI(DE3) has no
protease deficient genotype, its advantage in disulfide bond formation for proper folding could
lead to an increased stability of B-galactosidase protein in the media. BL21(DE3) was previously
described for production of recombinant human protein fragments showing lower yield than
Rosetta(DE3) strain (8). KRX showed the similar profile of BL21(DE3) with higher protein

background.

In conclusion, the use of X-gal showed to be a fast method (around few hours comparing with
tradicional protocols of days) to screen strains that produce p-galactosidase following the
expression visually during bacterial growth. This method could also be applied for cloning
systems that use [-galactosidase report gene and can be scaled down for the researcher
convenience. Additionally, ORIGAMI(DE3) strain was the most indicated system for
heterologous expression with higher possibility of enzyme recovery from the media due to the

lower concentration profile of homologous protein.
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Figure 1. Colorimetric assay performed with E. coli BL21/pET16b-lacZ grown in LB medium
supplemented with ampicillin and IPTG: (A) control without substrate, (B) ONPG and (C) X-

Gal.

Figure 2. Polyacrylamide gel containing protein extracted of E. coli strains induced with IPTG.
Lane (2) KRX wild-type, (3) KRX/pET16b/lacZ, (4) KRX/pET16b, (5) ORIGAMI(DE3) wild-
type, (6) ORIGAMI(DE3)/pET16b/lacZ, (7) ORIGAMI(DE3)/pET16b, 9)
BL21(DE3)/pET16b/lacZ. Lanes (1) and (8) protein molecular weight marker (GE). Arrows

show the band of -galactosidase.
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SUMMARY

Several studies show that molecular variants of human papillomavirus type 16 (HPV16)
have different geographic dissemination. E6 and E7 oncoprotein acts in cell
transformation. E6, E7 and L1 genes have been used as target for researching HPV
types variant. In this study, we examined the sequence of E6 and E7 genes from HPV16
found in cervical specimens collected in Northern Brazil. Analysis of E7 ORF sequence
evidenced the majority samples as European variant and only four patients related to
have Asian-American HPV 16 variant. However, the analysis of E6 ORF in these Asian-
American samples showed the absent of G351A mutation, suggesting a putative new
variant. This study is potentially relevant to understand the virus adaptation to the host

and its evolutionary route in human infection.

Keywords: Human papillomavirus; HPV16 variant; E6 ORF; E7 ORF; cervical

samples.



INTRODUCTION

Papillomaviruses (PVs) are currently represented by more than 200 genotypes (Bernard,
2005). They are divided into 16 PVs genera (Bernard et al., 2010), and alpha-
papillomavirus is considered the most clinically important genus as it includes the
largest number of Human Papillomavirus (HPV) that cause lesions, including cervical
neoplasia. HPV types can be largely grouped according to the degree of cell damage
that they are able to cause, resulting in high or low risk (Stanley, 2001). Analysis of
HPV types is important for several reasons, among them the fact that HPV types are
tissue specific and generally produce different types of lesions, in particular those that
are either benign or malignant (Lizano et al. 2009). In malign lesions caused by HPV,
viral DNA can integrate into the genome host and initiate the carcinogenic process
(Peitsaro et al. 2002). HPV genotype 16 (HPV16) is the most frequent high risk
papillomavirus found in lesions of genital tract. The expression of oncoprotein E6 and
E7 in HPV16-transformed cells was found to lead to the failure of cell cycle (Doorbar,
2006; Beniston et al. 2003). De Villiers et al. (2004) and Bernard et al. (2010) described
the topology of phylogenetic trees, quantitative thresholds in nucleotide sequence
comparisons and biologically distinguishing features (host species, target tissues,
pathogenicity, and genome organization) that determine the classification of PVs on the
level of genera. These virus types have co-evolved with their hosts and showed higher
genotypic alteration today (Lizano et al. 2009). HPV genome is defined as a new type
when the distance or dissimilarity of nucleotide sequence is higher than 10% compared
with other known HPV types in L1 open reading frames (ORFs) (De Villiers et al.
2004). It is also possible to use E6 and E7 ORFs, combined with L1, since these genes
have showed as conserved regions in genome (Chan, 1995). HPV from the same
genotype are referred as variants when differs in 2% ORFs and 5% in untranslated
region (UTRs) (Bernard et al., 1994). Nowadays, other regions not well understood
were used to study genotype variation, as observed for LCR, E2 and ES ORFs (Kocjan
et al. 2009). Evidence from databank sequences suggests the existence of at least eight
HPV16 variants. Analysis of HPV16 variants has several objectives, once sequence
variations can be used as markers for monitoring HPVs in defined populations. In this
way is important to establish databases for development of efficient diagnostic tools and
vaccines and application to epidemiological studies (Cai et al. 2010; Stewart et al.,

1996). Studies with HPV intra-type variations may to elucidate differential abilities to

2



activate cell-signaling pathways, involved in cell survival and proliferation (Contreras-
Paredes et al. 2009) and evolutionary and taxonomic studies (Bernard et al., 2010). In
this study, we used cervical specimens for HPV genotyping identification by
Papillocheck® and sequenced E6 and E7 ORFs to search for SNPs and identify HPV16

variants in Northeast of Brazil.

RESULTS AND DISCUSSION

A total of 133 samples were analyzed for HPV infection and 54.9% (73/133)
were positive for HPV detected by Papillocheck® (Greiner Bio-One). All HPV types
covered by Papillocheck were found, except for HPV45. It was observed that 11
patients had multiple infections. Twenty samples found as positive for HPV16 were

submitted to variant analysis.

E6 and E7 variants in HPV16

Specific primers for E6 and E7 oncogenes identification were developed to
target as flanking the target gene (Figure 1), and identify the HPV 16 variant present in
cervical samples collected from Northeast Brazil. E6 and E7 ORFs isolated from
different world regions shows several amino acid substitutions in consequence of

nucleotide changes (Table 1).

TATA box
PRIMER EG_SEQ_ FW PRIMER E6_SEQ_RV

‘Eﬂ- E7 J
PRIMER E7 SEQ FW PRIMER E7 SEQ RV
EG E7 E1

" "

Figure 1. Binding sites of specific primers developed for sequencing E6 ORF (A) and E7 ORF
(B) from human papillomavirus type 16.




Table 1. Mutation points in E6 and E7 ORFs variants from human samples infected with human papillomavirus type 16 compared with HPV16 genome model
(NC_001526). Oncogenes polymorphism and oncoprotein alteration were found in population of Amazonian, African, Asian American, Chinese, East Asian
and European German. HPV16 E7 ORF isolated from European German (AF536179) was identical to E7 HPV 16 model, showing no mutation.

Variants associated E6 gene mutations E6 oncoprotein alteration E7 gene mutations E7 oncoprotein alteration
(AF536179 AN G Arg = Glv - -
European German (AF336179) T (568} p Leﬁ > val Not Not
A(DC Met = Leu
.. ) s G0 C Arg = Thr AGBNG No change
African type 1 var (AF472508) | ¢ 61y G and G (63) T Gln > Asp T (kEZS} C No cha.nge
T(204) A and A (207) G No change T234) G No change
C253T His = Tvwr
T2NC No change
G T Arg 2 Ile . i
N | c6)GamdGENT Gln > Asp A6 G Asn 2 Ser
African type 2 var (AF472509) T (204 dA 0T G No ol T228)C No change
(204) A and A (207) No change T(234) G No change
C@253)T His = Tvr v g
AQGB2DG No change
A(DC Met = Leu T(E3) Cand A(BNG Leu = Ser
G C Arg = Thr A (85)C, A (86)C and Asn =2 Pro
Amazonian (HMOS7182) C(61)Gand G(63)T Gln = Asp T@ENHC
T204) Aand A 207G No change Gi88) Tand A {89 T Asp = Phe
C253T His = Tvwr Ti{228)C No change
A (363G Lvs = Arg T (234 G No change
AQ238)G Ile = Val
‘iz .
Chinese (EU218764) »it;4;}}é Ef jaj; A(85)C Asn > His
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Amplicons with 382bp and 599pb were obtained for the amplification of E7 and E6 region,
respectively (Figure 2). This material was used for sequencing procedures to observe the SNP in

both ORFs.

M12 345678 910 - +

£50ph

Figure 2. Amplification by PCR performed on HPV 16-positive cervical lesions with specific primers.
(2A) Amplification of E7 ORF in 10 specimens: Lane (M) 1 Kb Plus Ladder, (1-10) E7 amplicon, (-)
and (+) were negative and positive control, respectively. (2B) Amplification of E6 ORF in 7
specimens: Lane (M) 1 Kb Plus Ladder, (1-7) amplicon of samples, (—) negative control.

The European German variant was prevalent in the samples analyzed with 75% (15/20)
and four patients showed polymorphism for E6 and E7 oncogenes (Table 2). Three SNPs
(T171C, T228C, G234T) found in E7 ORF showed association with the Asian-American variant
of HPV16.

Table 2. Single Nucleotide Polymorphisms (SNPs) in HPV16 E7 and E6 ORFs observed in specimens
isolated uterine cervix.

Patients E7 SNPs Mutation
T (171)C Silent
60, 1225 186, T (228) C Silent
G234 T Silent
E6 SNPs Mutation
G@63)T Gln - His
T (204) A )
A (207) G Silent
104, 186, )
545 C(253)T His > Tyr
T (268) G Leu = Val
A (450) G Silent

This variant was also found in human leukocyte antigen (HLA) in Brazilian population,
beyond European and African variants (de Araujo Souza et al., 2008). However, our results do
not support previous studies that showed a high frequency of Asian-American variants in

cervical neoplasia among women with multiethnic origin (Junes-Gill et al. 2008).



These samples were submitted to E6 ORF sequencing and showed similar profile of
Asian-American variant, except for the absent of SNP351 (Figure 3). All specimens analyzed
for E7 gene showed no amino acid changes, but E6 sequencing showed three amino acidic
modifications: Q63H (GIn—>His), H253Y (His>Tyr) and L268V (Leu—>Val). These mutations
in amino acidic chain reverberate in alteration in conformation of E6 oncoprotein and its

interaction with human proteins.
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Figure 3. Electropherogram with annotated mutation found HPV16 E7 and E6 ORF. 3A. Position 171,
228 and 234 from E7 ORF characteristic from Asian-American variant. 3B. Position 63, 204, 207, 253,
268 and 450 showed for E6 ORF with boxed referred SNP351 absent in E6 ORF, avoiding the full
characterization of Asian-American variant.

One sample showed a conflicted area in eletropherogram, suggesting the presence of both
peaks corresponding to European and Asian-American profiles simultaneously (Figure 4).

These results suggest a possible infection of both variants HPV16 in the same sample.
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Figure 4. Electropherogram showing conflicting region that suggest a co-infection of Asian-American
and European variant HPV 16 based in E7 ORF analysis.

It is known that nucleotides changes can alter the interaction bind with DNA transcription
factors. It happens in E2 gene from HPV16 (Graham et al. 2000), which C3684A variant in E2
DNA binding domain seems to result in significant increased frequency in high-grade lesions

(Giannoudis et al. 2001).



The range of E7 gene variations found in HPV16 isolated from cervical samples from
Royal Liverpool Hospital did not exceed 0.9% (3/343) (Giannoudis et al. 2001). By another
hand, nucleotide sequence variations in E6, L2 and L1 ORFs showed a variation of 1.8% that
allowed the suggestion of new variant in American population (Yamada et al. 1995). In this
study 21% of the patients analyzed (4/19) showed alterations in E6 ORF, indicating that further
experiments should be performed. Increase in patient numbers and inclusion of L1 and L2 ORFs

in sequencing steps should provide more appropriated conclusions.

Prognosis for the variants

Molecular methods are useful to available the detection of HPV presence and genotype,
like in situ hybridization (Oliveira et al. 1994), PCR-RFLP (Maver et al. 2010; Medina et al.
2010) and real-time PCR (Kocjan et al. 2008). However, the technique that was used (PCR-
sequencing) is an assay simple and robust that can show great value for epidemiological studies.
Sequence variation is important for the development of more precise diagnostics approaches and
vaccines, as well as for epidemiological investigations and phylogeny studies of HPVs. A
clinical and epidemiological study realized in Mexico suggested that Asian-American HPV16
variants may be more oncogenic than European variants (Berumen et al. 2001). In our study,
patients with more aggressive tumors were found with a higher frequency in European variants

whereas a lower frequency for Asian-American variants (Table 3).

Table 3. Clinical condition of the cervical sample analyzed and its relation with Human papillomavirus
type 16 variant.

Cervical sample Incidence = HPV16 variant

CA colo 11 Asian American (01)
European German (10)

Cervicallesions 8 Asian American (02)
European German (06)

Warts's Vaginal 2 European German (01)

European German and Asian American (01)




Observations that E2 gene is transcribed appropriately in Asian-American HPV16
tumors, is related to the 16 mutations that does not repress the transcription of E6/E7 oncogenes
(Ordonez et al. 2004). These authors suggest that HPV16 Asian-American variant starts earlier
the E6/E7 expression in the cervical infection that may explain the fact that women infected by
this kind of HPV can develop invasive cancer 8 to 12 years before women with HPV16

European variant (Ordonez et al. 2004).

HPV16 E7 variants were not able to result in high-added changes in carcinogenesis, due
to the low variability and absence of exchange amino acidic founded. However, mutations in E6
ORF were related to amino acid change, which can influence in protein interaction. Therefore,
mutations in HPV ORFs seem to control the viral action since the relation between viral

oncoprotein and human proteins has great importance for cancer developing.

METHODS

Clinical samples, DNA extraction and HPV identification

The present study was conducted with 133 patients from Pernambuco (Recife and Olinda)., in
the coast of Brazilian Northeast Samples were collected from endocervix, vagina and vulvar
regions using citobrush cell collector and stored in saline buffer (Promega® Corporation). DNA
was extracted using Wizard® Genomic DNA Purification Kit (Promega® Corporation) and
samples were analyzed by Biofotometer® (Eppendorf). Genotyping was performed by

hybridization with Papillocheck®.

Molecular variant analysis

All PCR reactions were performed in 0.2 ml reaction tubes, each containing 1 pul DNA obtained
from extraction, 6.25 pl of GoTaq® Hot Start Colorless Master Mix (Promega® Corporation), 10
pMol of each specific primers and water up to 12.5 pl. The cycling conditions used were 2 min at
95 °C, 30 cycles of 30 sec each at 95 °C, 54°C and 72°C, and 5 min at 72 °C. All PCR
amplifications were carried out on the MyCycler™ Thermal Cycler (Bio-Rad). After this, the
amplicon was examined on 1% agarose gel electrophoresis and visualized under UV light.
Information about the primers used for amplify and sequencing of DNA is described in Table 4.
The amplicons were purified using ExoSAP treatment (USB) and each clinical specimen was
subjected to dideoxy sequencing in MegaBACE 750 (GE, Life Science), following the
manufacturer instructions. The basecalling raw data was analyzed by Sequence Analyzer (GE,
Life Science) and patient’s contigs were assembled using the CLC Main Workbench version

5.7.1.



Table 4. Primers used to detected variation in E6 and E7 ORFs from Human papillomavirus
type 16 present in clinical specimens.

Oligonucleotide = Target genome Primer Sequence (3’- 5’)

Fw E7.16_seq 520-540 TTGCAGATCATCAAGAACACG

Rv E7.16_seq 883-902 GTACCCTCTTCCCCATTGGT

Fw E6.16_seq 24-43 CTAAGGGCGTAACCGAAATC

Rv E6.16_ seq 601-622 CAGTTGTCTCTGGTTGCAAATC
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ABSTRACT

Cervical cancer is the second neoplasia more common in women and is mainly caused by human
papillomavirus (HPV). HPV16 is a high-risk type that is responsible for 58% of all cervical
cancer cases. Three oncogenes, E5, E6 and E7 are involved in malignance and maintenance of
the virus inside human cell. E7 oncogene is transcribed in an early stage with the purpose of
deregulating the cell cycle by pRB inactivation. The cell cycle deregulation leads to an alteration
in cell morphology and physiology, and may cause cancer. In this work, we cloned E7 oncogene

in Escherichia coli KRX strain as expression system.

Keywords: Escherichia coli; HPV; E7; cloning; KRX; protein expression



INTRODUCTION

Human papillomavirus (HPV) is a virus of tumor of DNA capable to transform the
epithelial cells. It can be classified as high and low risk, in accordance with the potential of
malignant induction to the transformation (Munoz et la 2003; Wright et al 2006). HPV is the
main etiological agent involved in 99% of cervical cancer cases with HPV16 present in most
genital warts and cervical cancer. Invasive cervical cancer is the second most common cancer in
women worldwide (Schiffman et al, 2011), with more than 500 000 cases of invasive cervical
cancer per year worldwide (Bosch et al 2002). HPV16 is responsible for the higher prevalence of
cervical cancer, while HPV18 is associated to approximately one half of squamous cell

carcinoma and 12% of cervical cancer (Chang et al, 2005; Altekruse et al, 2003).

Structurally, HPV genome consist of 8000 bp composed by early genes (E1 to E7) and
late genes (L1 and L2) besides the upper regulatory region (URR) (Motoyama et al 2004)
responsible for viral replication, viral transcription control and cellular transformation. The
initial lesions can evolue to cervical cancer mainly by two viral oncoprotein, E6 and E7, due to
their ability to immortalize human cell in tissue culture. The synergic effects of these proteins are
well known (Moody et al 2010). E7 is capable to inactivate pRB, a protein involved in cell cycle
control. The mechanism of carcinogenesis promoted by E7 is highly conserved among HPV
types. E7 from HPV58 (3rd most common type of HPV in cervical cancer in East Asia) was
found also promoting the proliferation and extending the lifetime of keratinocytes together with
down-regulation of pRb/p130 interaction (Zhang W. et al 2010). Papillomaviruses cannot be
propagated in tissue culture and attenuated virus cannot be used as vaccine approach due to its
oncogenic potential. E7 protein also cannot be isolated from natural lesions because only trace

amounts are present (Fernando et al 1999).

Prokaryotic system like Escherichia coli remains widely used for recombinant protein
production due to its feasibility, well-established protocols, rapid cell growth and low cost of
cultivation. However, when milligrams of protein often become necessary, strains with rare
tRNA codons has been used (Tegel er al. 2010). Recently, a new E. coli host KRX that provides
protein yields comparable to those of BL21 (DE3) but much higher transformation efficiencies
was observed (Schagat et al, 2008). KRX strain allows T7 RNA polymerase-based protein
expression controlled by rhamnose promoter that leads to high levels of protein expression
related to BL21(DE3)-derived strains (Schagat et al, 2008). Then, this work aimed to clone and

induce the production of E7 oncoprotein in KRX expression system in Erlenmeyer’s flasks.



MATERIAL AND METHODS

Microorganisms and culture

HPV16 E7 sequence cloned in pET28a (Novagen®) and maintained in E. coli
BL21(DE3) strain was used to obtain recombinant KRX strain. Bacterial growth and stock were
performed in Luria-Bertani (LB) medium (10g.1" tryptone, 5g.1" yeast extract, 10g.1" NaCl)
supplement with 30pg.ml” kanamycin in Erlenmeyer’s flasks. Induction with 0.5mM IPTG and

0.1% rhamnose were perfomrd by adding these components into culture medium.

Identification of E7 inserption into KRX strain

BL21(DE3) with pET28-a-E7 was used for colony PCR according to the follow steps:
10ul of suspension bacteria was heated to 56° C for 5 minutes to promote cell lysis and used
together with 1ul specific primers (10pmol) (Table 1); 6.25 ul GoTaq MasterMix Colorless,
ultrapure water was added to 12.5 pl final volume. Amplifications were performed in Gradient
Termocycler® (Eppendorf) with the following settings: 95°C for 2 min, followed by 30 cycles at
95°C for 30 sec, 54°C for 30 sec and 72°C for 30 sec, and 72°C for 5 min. The amplified
products were observed in 1% agarose gel and the vector transformed in E. coli KRX competent
cells by heat-shock protocol (Ausubel et al., 1996) and incubated overnight at 37°C in plates with
LB media containing 30ug.m1'1 kanamycin. Recombinant colonies were selected by Kanamycin-
resistance and identified by plasmid extraction using Wizard® Plus SV Minipreps DNA
Purification System (Promega). PCR of colonies and nucleotide sequencing was performed to be

sure about the integrity of the gene cloned.

DNA sequencing

Conventional PCR was realized, to amplification of vector cloning, using 10 ul of
Universal primers (10 pMol), 1X Master Mix Green (Promega), 100ng of DNA and water to
complete the reaction. T7 promoter and terminator primers (Table 1) was annealing in target
plasmid in 370-386 and 26-72 regions. PCR-amplified products were sequenced using lul of the
same primers (3,2pMol) and fluorescent-based dideoxy sequencing method with DYEnamic™

ET Dye Terminators in automated DNA sequencing system (MegaBACE 750, GE, Life Science
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— USA). The sequencing program was 95° C for 20 sec, 50° C for 10 sec, 60° C for 1 min for 25
cycles carried out in MyCycler® Thermocycler (BioRad) MegaBACE 750 Sequence Analyzer
(GE Life Science) was used at the endo of the process. Data were submitted to GenBank

(http://www.ncbi.nlm.nih.gov/) to be analyzed in BLASTN (Basic Local Alignment Search

Tool-nucleotide).

Protein expression

Recombinant bacteria were growth in 50mL of LB media in 250mL flasks incubated at
37°C and 150 rpm in orbital shaker. When OD600 reached 1.0, around 2 hours, Lac promoter
was induced adding 0.5mM IPTG and 0.1% rhamnose. The flasks were maintained at 30°C and
150 rpm of agitation. Aliquots were harvested in 2 h of culture, to use as control prior to
induction. Samples were collected two hours (T2), four hours (T4), six hours (T6) and eight
hours (T8) after the induction point for protein analysis. The culture was centrifuge to 3,000 x g
at 4°C for 15 minutes and the pellet was suspended in 4mL of breaking buffer (50 mM sodium
phosphate pH 7.4, 1 mM PMSF, 1 mM EDTA, 5% glycerol). Glass beads were added for
corresponding pellet volume for mechanical lyses with four cycles of 30 seconds ice-vortex.
Supernatant was harvested at 3,000 x g for 20 minutes at 4°C and analyzed in polyacrylamide gel
by electrophoresis. The proteins was denatured with SDS buffer (0.5M Tris-HCI pH 6.8, 10%
Glycerol; 10% SDS; 0.08 g/ml de Bromophenol blue; 1% 2-Mercaptoethanol) and incubated for
98°C for 10 minutes. The proteins analyze was performed in 12.5% and 15% SDS-PAGE
condition (Laemmli, 1970) using Rainbow™ Molecular Weight Markers — full-range 12 to
225KDa (GE) as molecular weight marker.

RESULTS AND DISCUSSION

Transformation of recombinant E7 protein in KRX strain

After plasmid extraction and electrophoresis it was possible to visualize plasmidial DNA
(Fig. 1A) and the PCR screening of E. coli KRX.E7 clone resulted in single band (Fig. 1B) with

around 300pb, confirming the presence of E7 gene in the plasmid. T7 universal primers and E7
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primers were used for pET28a-E7.16, showing two different bands of around 400pb and 600pb,
respectively (Fig. 2). The amplicons were used for sequencing analysis and the best result
displayed in MegaBACE Scorecard was submitted to BLASTN, obtaining the score 596; E-value
le-149; 298/298 (100%) of identify between the cloned sequence and NCBI databank (Fig. 3).

These results make possible the study of expression of E7 protein in KRX strain of E. coli.

Expression of recombinant E7 protein in bacteria

Analyses of total protein production showed that recombinant KRX.pET28a-E7 have

similar profile and protein concentration with BL21(DE3), except for sample T2.

KRX containing pET28-a-E7.16 is regulated by a strong rhamnose promoter, which could also
lead to a reduction of inclusion bodies formation by reducing the growth temperature for protein
induction (Villaverde et al 2003). However, it reduces significantly the expression level of total
recombinant proteins (Miladi et al 2010). Our results are in agreement with the comparative
analysis of these expression hosts to express TEV protease with IPTG induction being
statistically equivalent in their ability although visually the band in SDS-PAGE appears more
intense for BL21 (Blommel et al 2007). However, the opposite condition was found by Miladi et
al (2010) that reports the change of host as KRX strain results in an increase of 6.5-fold in
protein production over BL21(DE3).

12.5% SDS-PAGE showed the target band at 12KDa (Fig. 4) in timing T4, T6 and TS8.
Increasing the gel concentration for improving the resolution of the smallest proteins. A band
about 15 KDa was visualized in SDS-PAGE 15% (Fig. 5) in protein extract obtained of
KRX.pET28a-E7 that could be related to E7 oncoprotein. T7 polymerase band (99KDa) was also
visualized, indicating the promoter induction. These data are similar to the reports for other
expression systems in E. coli. Expression of E7 in E. coli C2566 showed al6 kDa band on

electrophoresis and reacts with antibodies to E7 protein after purification step (Sharma et al,

2010).

CONCLUSION



We successfully inserted KRX.pET28a-E7 into E. coli KRX strain and expressed this
HPV16 oncoprotein, being observed in SDS-PAGE. Further studies are necessary to confirm the
E7 protein production by E. coli to allow its use in crystallographic and immunological

experiments.
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Figure 1A. Agarose of red-faced with ethidium bromide showing pET28-a- E7.16. Lines: (1)
Ladder 1Kb Plus, (2) Plasmid extracted (three forms). 1B. E7 gene (298 pb) amplification, using
pET28-a-E7.16 extracted as template and FE7.16 and RE7.16 as specific primers, observed in
1% agarose gel. Lines: (1) Ladder 1Kb Plus, (2) 3ul E7 gene.



Figure 2. Amplicon resulted of KRX Escherichia coli with pET28a-E7.16 PCR using T7
universal primers and specific primers. Lines: (1) Ladder 1Kb Plus, PCR reaction using primers
(2) T7 promoter and T7 terminator, (3) T7 promoter and Reverse E7.16, (4) Foward E7.16 and

T7 terminator.



MW E Human papillomavirus type 16 E7 protein gene, complete cds
Length=321

GENE ID: 1489079 E7 | transforming protsin [Human papillemavirus typs 16)
(Over 10 PubMed links)

Scors = 538 bits (596), Expect = la-149
Identitiss = 258/298 (100%), Gaps = 0/288 (0%)
Strand=Plus/Plus

Query 135 CATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACAAC 194

‘ FEEREREEEEEE e e e e e e e e e e e e e e e e e e e e e e e e
Sbjet 2 CATGCATGGAGATACACCTACATTGCATGRATATATGITAGATTTGCAACCAGAGRCAAC 61

Query 185 TGATCTCTACTGTTATGAGCAATTARATGACRGCTCAGAGGAGGAGGATGARATAGATGS 254

_ CECEEEEEEEREE e e e e e e e e e e e e e e e e e e e e e e ey
Sbjct €2  TGATCTCTACTGTTATGAGCARTTAAATGACAGCTCAGAGGAGGAGGATGARATAGATGG 121

Query 255 TCCAGCTGGACAAGCAGAACCGGACAGAGCCCATTACRATATTGTAACCTTTTGTTGCAR 314

FEEREREEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 122 TCCAGCTGGACRAGCAGAACCGGACAGAGCCCATTACAATATTGTAACCTTTIGTITGCAA 181

Query 315 GTGTGACTCTACGCTTCGGTTGTGCGTACAAAGCACACACGTAGACATTCGTACTTTGER 374

. FEREEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjet 182 GIGTGACTCTACGCTTCGGTTGTGCGTACRRAGCACACACGTAGACATTCGTACTTTGER 241

Query 375 AGACCTGTTAATGGGCACACTAGGAATTGTGTGCCCCATCTGTTCTCAGARACCATAR 432

. FERECEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 242 AGRCCTGITAATGGGCACACTAGGRATTGTGTGCCCCATCTGTTCTCAGRAACCATAR 255

Figure 3. Similarity between the GenBank database and nucleotides found after the

sequencing of the pET28a -E7.16, plasmid used for recombinant protein production.
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Figure 4. SDS-PAGE 12.5% showed soluble protein extracted of KRX-pET28a-E7. Line (1)
protein ladder GE, (2) T2 of KRX-E7, (3) T4 of KRX-E7, (4) T6 of KRX-E7, (5) T8 of KRX-
E7.
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Figure 5. SDS-PAGE 15% showed total protein extracted of KRX-pET28a-E7. Line (1)
protein ladder rainbow GE, (2) bacterial lyses with Fast Break reagent. Black arrow has shown

the possible region of E7 oncoprotein (~15KDa) and red arrow the possible T7 polymerase

(99KDa).
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Table 1. Primers used to amplify and DNA sequencing

Primer

Sequence 5°-3’

Tm (°C)

T7 promoter
T7 terminator
Fw E7.16

Rv E7.16

TAATACGACTCACTATAGGG

GCT AGT TAT TGC TCA GCG G

ATGCATGGAGATACACCTACA

TTATGGTTTCTGAGAACAGATG

50

50

54

54
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10. CONCLUSAO E PERSPECTIVAS

O HPV pode ser encontrado em diversos sitios de infec¢do, além dos primeiros sitios
corporeos associados, sendo necessario uma maior atengdo dos métodos diagndsticos aplicados,

uma vez que o colo do utero ainda € a regido mais estudada.

Neste contexto, amostras cervicais de mulheres atendidas na Regido Metropolitana do
Recife apresentaram alta incidéncia de HPV16, sendo o variante Europeu o tipo mais
predominante em mulheres com lesdes genitais. Estas amostras demonstraram um provavel
HPV16 variante Asidtico-Americano, no entanto com auséncia de SNP na posi¢ao 351 da ORF
E6 caracteristica desse variante. Também foi possivel identificar uma amostra co-infectada com
dois variantes de HPV16 através de regides de conflito no seqiienciamento do gene E7,

caracterizando os tipos Asidtico-Americano e Europeu.

A sub-clonagem do gene E7 do HPV16 foi realizada na linhagem KRX de Escherichia
coli, sendo observada sua expressao nos testes iniciais de induc¢ao. No entanto, faz-se necessario
o emprego de testes imunoldgicos para confirmacdo. A linhagem KRX ndo correspondeu a
expressdo esperada de proteina heteréloga. De fato, comparacao de trés linhagens bacterianas de
producdo heterdloga da enzima P-galactosidase, realizada previamente, demonstrou que a
linhagem ORIGAMI(DE3) de E. coli foi a mais indicada por possuir um menor perfil de
producdo protéica endégena. A utilizacdo do substrato cromogénico X-gal durante o cultivo

tornou mais f4cil e barato a selecdo dos clones .

Estudo epidemiolégicos populacionais e de producdao de moléculas, como oncoproteinas
podem auxiliam na melhor compreensdo do mecanismo que faz o HPV induzir a transformacado
neoplésica nas células infectadas e o desenvolvimento de caminho terapéutico a ser empregado

para o cancer cervical na populagdo-alvo.
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11. ANEXOS

11.1. Aprovagdo do Comite de ética em pesquisa

SERYK'D PUBLID FENFRAL
UNIVERSIDADE FEDERAL DE FERNAMBUCO
Comilé @& Etica em Pesguisa

OFf M. * 4052008 - CEPICCS Racife, 18 da Dezerrboo de 2008
Registre do EISHEP FR - 215303

COAE — 267 0172000 08

Regishn CERICCSUFRE N® 27508

Titube: “Andlise do Pesfil Epdeminkigico de mfecpies Cansadas palo Pap#omavims Humane om
Mulheres Atendidas pelo Programa Sadde da Familia na Cidade de Olinda-PE™

Pesquisador Responsdvel: Canyelly Brumeska Gondim Martins

Senhora Pesquisadora:

Irformamos que o Comité da Etica em Pesquisa envolvende seres humanos do Centro
de Liencias oa Saude da Universidade Faderal de Pemambuco (CFPICCS/LIFPE) mgistrou e
analisou, de acordo com a Resolucdo N.® 196/96 do Conselho Macional de Saade, o protocolo
de pesquisa em opgrate, aprovandao e liberandc-o para inicio da coleda de dadns e 18 de
deézembro de PO0E

Ressallamos cwe o pesquisador responsdvel devera apresemtar relatano anusl da
peequisa.

Atenciosameris

x _I_.-"
P
VI
Prof Geraldo Bosoo Lindoso Couto
Caordenadar do CEP/ COS / UFPE

: s

A
Dra, Daryely Bruneska Gondim Merins
Laboratano de imunopatelegia Keize Asami — LIKAUFPE
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11.2. Instrucdes para autores
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Figures should not be imported into the manuscript text file but submitted separately as
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for each figure. All legends must be collected together on a separate page following the body
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For further information on the preparation of electronic artwork, please see o
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Approved Lists of Bactenal Names (Int J Syst Bacteral 1930; 30 225-4200) and/or which hawe
been validly published inthe inf J Swst Bacterial since January 13580 are acceptable. fthere is
a good reason to use a name that does not have standing in nomenclature, it should be

enclosed in quotation marks and an appropriate statement conceming its use made in the
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letter or number can result in a dead link. In the final version of the printed article, the
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databases enabling readers to go directly to that source from the article.

Supplementa ry material submission. Elsever accepts electronic supplementary material
to suppeort and enhance your scientific research. Supplementary files offer the author
additional possibilities to publish supporting applications, moves. animation sequences, high-
resolution images, background datasets, sound clips and mers, Supplementary files supplied
will be published online alongside the electronic wersion of your article in Elsever web
products, including Sciencelirect: g4 hitp:/fwww_sciencedirect.com. In order to ensure that
your submitted matenal is directly usable, please ensure that data is provided in one of our
recommended file formats. Authors should submit the material in electronic format together
with the article and supply a concise and desenptie caption for each file. Upon acceptance of
an article, authors will be asked to transfer copynght {for more information on copyright see oy
http:/waw elsever.combwps/find/authorsvew. authorsdc opyright). This transfer will ensure the
widest possible dissemination of information. A letter will be sent to the cormesponding authar
by email, confirming receipt of the manuscript, together with a form facilitating the transfer of
copynght. If excerpts from other copynghted works are included, the author(s) must obtain
written permission from the copynght owners and credit the source(s) in the article. Elsever
has preprinted forms for use by authors in these cases : contact Elsevers Rights
Department, Philadelphia, PA, USA: Tel. {+1) 215 238 7869, Fax (+1) 215 233 2233, e-mall
healthpermissions@elsevier.com . Requests may also be completed onling va the Elsevear
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Ethical Consideration. Work on human beings that is submitted to Infemational Joumal of
Infectrous Diseases shaould comply with the principles laid down in the Declaration of Helsinki;
Fecommendations guiding physicians in biomedical research involving human subjects.
Adopted by the 15th World Medical Assembly, Helsinki, Finland, June 1964, amended by the
25th World Medical Assembly, Tokyo, Japan, October 1975, the 35th Wordd Madical
Assembly, Venice, Italy, October 1583, and the 415t World Medical Assembly, Hong Kong,
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appraved by the appropnate ethical committees related to the institution(s) in whizh it was
performed and that subjects gawe informed consent to the work. Studies involvng expernments
with animals must state that their care was in accordance with institution guidelines.

Studies on patients or wolunteers require ethics committee approval and informed consent
which should be documentad in your paper. Patients havwe a right to privacy . Therefore
identifying information, including patients? images, names, initials. or hospital numbers,
should not be included in videos, recordings, wrtten descriptions, photographs, and pedigrees
unless the information is essential for scientific purposes and you have cbtained written
informed consent for publication in print and electronic form from the patient (or parent,
guardian or next of kin where applicable). If such consent is made subject to any conditions,
Elsevier must be made aware of all such conditions. Written consents must be provided to
Elsevier on requast. Even where consent has been given, identifying details should be omitted
if they are not essential. If identifying charactenstics are altered to protect anonymity, such as
in genetic pedigrees, authors should provde assurance that alterations do not distort scientific
meaning and editors should so note. If such consent has not been obtained, personal details
of patients included in any part of the paper and in any supplementary materials (including all
ilustrations and vdecs) must be remowed before submission.

Randomised Controlled Trials. All randomised controlled trals submitted for publication in
Intemational Joumal of Infectious Crseases should include a completed Consolidated
Standards of Reporting Trials (CONSORT) flow chart. Please refer to the CONSORT
statement website at hitp://www. consort-statement. org/70=1001 for more information.
Intemationial Joumal of Infectious Drseases has adopted the proposal from the Intemational
Committes of Medical Joumal Editors {ICMJE) which require, as a condition of consideration
far publication of clinical trials, registration in a public trials registry. Triale must register at or
before the onget of patient enrolment. The clinical trial registration number should be included
at the end of the abstract of the article. For this purpose, a clinical trial is defined as any
research project that prospectrely assigns human subjects to intersention or companson
groups to study the cause-and-effect relationship betwean a medical intervention and a health
outcome. Studies designed for other purposes, such as to study phammacakinetics or major
toicity (2. phase | thals) would be exempt. Further infarmation can be found at

WAL IC ITI & org.

Conflicts of Interest. At the end of the text, under a subheading "Caonflict of interest
statement” all authors must disclose any financial and perscnal relationships with other
people or organisations that could inapproprately influence (bias) their work. Examples of
potential conflicts of interest inc lude employment . cansultancies, stock ownership, honorana,
paid expert testimony, patent applications/registrations, and grants or cther funding.

Authorship. All authors should have made substantial contributions to all of the following: (1)
the canception and design of the study, or acquisitiom of data, or analysis and interpretation of
data, (2) drafting the article or revisimg it ertically for important intellectual content, 3) final
approval of the version to be submitted.

Acknowledgement. All contributors who do not meet the cntena for authorship as defined
abowe should be listed in an acknowledgements section. Examples of those who might be

acknowledged include a person who provided purely technical help, writing assistance, ora
department chair who provided only genaral support. Authars should disclose whather they
had any wnting assistance and identify the entity that paid for this assistance.

Role of the Funding Source. All sources of funding should be declared as an
acknowledgement at the end of the text. Authors should declare the role of study sponsors, if
any, in the study design, in the collection, analysis and interpretation of data; in the wnting of
the manuscript; and in the decision to submit the manuscript for public ation. If the study
sponsors had no such invol~ement, the authors should so state.

Proofs. One set of page proofs in PDF format will be sent by e-mail to the comesponding
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author, to be checked for ty pesetting/editing. No changes in, or additions to, the accepted
{and subseguently edited) manuscrpt will be allowed at this stage. Proofreading is solely the
responsibility of the author. A form with quenes from the copyeditor may accompany your
proofs . Please answer all queries and make any commections or additions required.

Funding body agreements and policies

Elsewer has established agreements and deweloped policies to allow authors whose articles
appear in jounals published by Elsenier, to comply with patential manuscnpt archiving
requirements as specified as conditions of their grant awards. To leam more about existing
agrearments and policias please Jsit s hitpwsew elseder com/fundingbodies Sponsored
Articles

Intemational Joumal of Infectious Crseases now offers authors the option to sponscr non-
subscrber access to individual articles. The access sponsorship contabution fee per article is
53,000. This contrbution is necessary toa offset publishing costs - from managing article
submission and peer reniew, to typesetting, tagging and indexing of articles, hosting articles
on dedicated seners, supporting sales and marketing costs to ensure global dissemination wa
Sciencelirect, and permaneantly presening the published journal article. The sponscrship fee
excludes taxes and other potential author fees such as color charges which are additional.

= Authors can specify that they would like to select this option after receiving notification that
their article has been accepted for public ation, but not before. This eliminates a potential
conflict of interest by ensunng that the joumal does not hawve a financial incentive to accept an
article for publication.

« Authors who have had their article accepted and who wish to sponsor their article to make it
available to nor-subsenbers should complete and submit the sponsored article order fonm

Copyright & 2011 Bsewvier, Inc. All rights reservad | Privacy Policy | Terme & Condftions | Feedback | About Us | Help | Comtact Us |
The content on this sie is intended for health professionals.
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Aims and scope

The Joumnal of Bioscience and Bicenginesring (JBE) aims to contribute to the adwancement and dissemination of
knowiedge and technology in the fields of bioscience and biotechnology. JBE publishes papers om a broad range of
fopics in the aresas of enzymology. physiology and biotechmology of microbes, planis, and animals; genetics,
molecular biology, and gene engineening; brewing and food techniology; emdronmentsl bistechnology: biochemical
engineering; cell and fissus enginesnng; protein engineesring: medical bictechnology: and bioinformatics. The
genomics, systems kiology, and structural biology, which hold much promise for the future, are also within the
seope of JBE.

rFage Top

Editorial policy

General reguirememts

Manuscripts submitted to the joumal must represent reports of unpublished original research, which are not under
consideration for publication elsewhers in any madium. Related manuscrpis that are im press or submitted
elsewhere must accompany the submission. The submission for publication must be spproved by sl authors.

Permissions
The corresponding author must obtain parmission from the copyright owner to reproduce figures or tables that hawe
been published elsewhere and cradit the sources in the relevant figure legemd or table footnote of the manuscript.

Authorship

Authorship credit showld be based on substantial contrbutions to the owrsll design and execution of the work. The
comesponding author (the single person to whom all the correspondance on the manuscript should be addressed)
iz responsible for enswring that sl comtrbutors meet the authorship crtera and for informing &l authors of the
manuscript's status throughout the review and publication process. The order of authorship on the byline should be
& joint decision of the co-authors. Statements regarding egual coniribwtions by two or more authors (e.g., the first
two authors contnbuted equally to this work) are permitted as footnotes to bylines. Membership in the Society for
Bioteschnology, Japan (SBJ)is mot 8 prersguisite for submis-sion.

Conflict of interest

Authors are requested st the time of submission to disclose any commercial association as well as consulting,
stock ownership, equity interests, and patentdlicensing amangements that might pose a conflict of interest in
connection with their submitted paper. Sources of any financial support of the praject must be credited in the
Acknowledgments section.

Copyright
JBB is copyrighted by the Society for Biotechnology. Japam (SBJ), and suthors are considered to hawe transfemed
their rights to S2J. Requests for any reproduction or translation of JES aricles should be submitted to the SBJ

sbj.orjp/fe/bb/jbb_instructions.html
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Busimess Ofice (jobi@Esbj.orjp). This reguest must include & statement of intended use as well as explicit
specification of the matenal to be reproduced.

Use of human subje-cts or animals in research

Manuscripts reporting experiments on humian subjects should clearly state that the research has complied with
the ethical standards of the responsible committee on human experimentation {imstitutional and mational) and with
the Helsinki Declaration of 1864, as revsed in 2008. Experiments using animals should be conducted in
asccordance with the institutional and matiomal standards and authors are reguired to indicate whether the guidelines
for the care and use of laboratory animnals were followed.

Disclaimer

SBJ assumes no responsibility for the statements and opinions adwanced by the contributors fo the Society's
publications. Editorial vews do mot necessarly represent the position of 38.J. The use of frade names does not
imply endorsem=nt by SBJ.

Page charges

Starting with papers published im wol. 110, no. 1 {July 2010). SBJ does not require page charges of articles which
meet the following conditions: 1) the research was conducted outside Japan AMD 2) the cormesponding author dogs
not work for any governmental/non-gosernmiental organization, private company or sacademic institution in Japan.
Submissions from Japan are subject to page charges of 4,500 JPY per printed page as ever. Invoice will be sent to
the author once the article has besen published im print.

Color charges

Color figures will appear on the web st no additional charge, regardless of whether or not these illustrations are
reproduced in color in the printed wersion. Authors may choose to publish their figures in color or in black-and-white
in the: printed wersion. The comesponding author will receive a request form fior the color option by SB.J afier the
article is accepted for publication. For color reproduction in prnt. authors will be charged 40000 JP% per printed
page.

Cormrection of English

SBJ strongly recommends authors who are unswre of proper English usage to hawe their manuscrpis checked by
language editing sendces prior to submission. Manuscripts that do not conform to stamdard English usage may be
editorially rejected and retumed fo the authors. Manuscripts under review may be sent to language comection at
the editor's discretion. In such case, the costs must be borme by the author. Mo waiver application will be
considered.

Faor guthors who require information about lenguage editing and copyediting sendces pre- and post-submission,
pleas e visit hitp Jihwwow_elsevie r.comiwps/find/authorshome. authors/langua gepolishing or contact

authorsupport@e lsevier. com for more information. Please note SBJ and Elsewvier neither endorse nor take
responsibility for any products, goods or sendces offered by outside vendors through their sendces orin any
sdwertising. For more infomnation, please refer to Elsesier’'s Terms and Conditions.

FFPage Top

Submission to public databases

Nuclzotfide and amino azid sequences

Before publication, authors must deposit nowel nuclectide and/or amino acid sequence data in any one of the three
major collaboratinge datahazes: DDBJ (hitp:/hwwew ddbj.nig.ac.jp). EMEL {hitp:/iwww ebi.ac.ukl/emibl), and
GenBank (http:fiwww.ncbi.nlm.nih.gov). The accession number(s) should be listed in a separate paragraph at
the end of the Malenals and Mathods section for Regular papers and =i the end of the text fior Notes. The
suggested wording for referring to accession numbers is “These sequence data hawe been submitted to the
DOEVEMSL'GenBank databases under accession no. A13570%

Structural determinations

Papers descrbing new structures of macromolecules must include entry codes assigmed by the Protein Data Bank
(hitp-llpdbdep.protein.osaka-u.acjp and hitp :/iresb-deposit rutge rs.edu!). The atomic parameters and
structure-factor amplitudes should be relessed when the manuscript is published.

Microarray data

Resufts basad on microarray axperimants should zatisfy the Minimal Informuation About 2 Microarray Experiment
(MIAME) standard criteria (hitp:fiwww.mged.org/WorkgroupsfMIAME/'miame html) and must be depesited in
the approprate public datzbazes: AmayExpress (hitp-llwww.ebi.ac.ukimicroarray-as/ael]), Gans Expression
Omnibus (GEC) (hitp:/faww.nobi.nl m.nik.gow/geof) or Canter for Information Biology Gene Expression
Database (CIBEX) (http-/lcibex_nig.ac jplindex.jsp). The accession numbens) should be listed in a separste
paragraph at the end of the: Materals and Methods section for Regular papers and at the end of the text for Motes.

FFPage Top

Manuscript submission

Online submission
Authors are requested to submit their manuscrpis electronically, by using the Elsever Editorial System (EES) at
hitp-"ees elsewier.comljbiosch.

After registratiom, suthors will be asked to upload their adicle, an extra copy of the sbstract, and sssociated
artwiork. The submission tool will generate s POF file to be used for the revewing process. The comasponding
author will receive an automatic reply and a manuscript nunnber fior future comespondance. & cover letter,
Checklist, and Submission Agreem ent rmust be submitted online by authors together with the manuscript. The
cover letter must address the following points: 1} all authors agree to submit the work 20 JBE, 2} the work has not
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been published before and is not being submitted to amother jowrnal, 3 the nowelty and significant contribution of
the submitted work miust be brefy described, 4) the transfer of copyrght from the suthor to the 5 ociety for

Bioteschnology, Japan (SBJ), 5) whether the manuscript has been checked by lamguage editing sendces prior to
submission or not (plesse sttsch cerificate, if applicable). [ the manuscript is & resubmission, the fomer
manuscript number should be indicated.

FFPage Top

Review and publication process

Review process

All manuscripts are considered to be confidential and are reviewsd by members of Editoral Board, and qualified
referses. Revews are nomially complated within 2 to 4 weeks fom raceipt of the manuscripts and the
comesponding author will ke notifed of the editor’s decision to accept. reject. or require revision. Mote that
manuscripts may be editodally rejected without revaw, on the basis of lack of comformity to the standards set forth
in thesse instructions. When requested for rendsion, authors must submit the revsed wrsion slong with & point-by-
point response to each revewer and the editor. If the revsion is niot sulbmitted within 80 days, the submnissicn will
be withdrenn and any revis ed version will be considered as a new submnission. Additiomal time for revision is
granted upon reguest, at the discretion of the editor. Manuscrpts that hawe been rejecied or withdrewn may be
resubmittesd with appropriste modifications based on the editor's comments_ In such cases, the revsed wersion
must be submitted as a new submission, accompanied by the former manuscript num ber and detsiled response o
original reveeswears, but not be sent to the original editor directly.

Notification of acce plance
Once s decision has been made on an ardicle, the comesponding author will be notifed. If the adicle is accepted, it

will be entered into Elsevier's production tracking system and the comespornding author will receive an
acknowledgement letter containing the production reference num ber, sccormpanied by an ofprant order formn and &
copyright transfer fomn.

The production reference number along with the comesponding author's last name can be used to track the status
of the: article at Track Paper.

Please note that the production reference number is difierent to the editorial referance number assigned by the
Editoar.

Proofs
The corresponding author will receive one set of page proofs in PIDF format by Elsevier's production depariment.
The address for returm of comected proofs will be cleardy indicated in thiat proof e-mail.

Reprints
The corresponding author, &t no cost, will ke provided with a POF file of the article va e-mail. The POF file is a

watermarked wversion of the published aricle and includes a cower sheet with the joumal cover image and a
disclaimer outlining the terms amd conditions of use.

Paper offprints order can be made to Author Orders

FFPage Top

QOrganization and format

Manuscript type

Regular papers: Full-langth papars deseribing the resuts of origingl rezearsh, Manus crpis show'd be witten to
emphasize cleary and concisely the mowel aspects of the information reported, and preferably not excesd 25
double-spaced pages of text [ca. 28 lines per page. including references). Authors are encouragad fo restrict
figures and iables fo essential data, preferably no more than 8 figures and/or tables combined.

Notes: Short research reparts which contain material of unigue interest but are not sufficient to form the basis of
Reqular papers. MNotes shouwld not axcead 10 double-spaced pagas of f2:d (including referanees) and should not
contain more than 3 figures and/or tables. A short abstract of no more than 50 words must be prowded. References
should be less than 20. Do not wse section headings in the taxt bul descnbe matanals and mathods, results, and
discuwssion in & single section. The editors reserse the: right to decide what constitutes a Mote.

Technical note-s: Short research reports which contain new technigues, useful methods, and technical information
for 2l aspacts of practical bistechnology research and applizations. The farmiat should be thie zame 2= that of
MNotes.

Reviews: Reviews suney recent dewslopments in a topical area of research and should be sharply focused and
balanced accounis for progress in fields of interest to the readers of the journal. Revews chould mot ganarally
exceed 35 double-spaced pages of text (including the references ). Authorship is momally by imvitstion, although we
are keen to recsive propozals for prospective aticles fom authors. Authors considenng submiszion of 2 revew
article must first send a brief synopsis (approxinately 500 words ), citing key references, fo the Joumal Ofice at
bk =hy.or jpiplease do not submit the completed manuscnpts pror to this consaulistion). Fthe proposal is
socepied, authors may submit the manuscript via the Elsewier Editorial System (EES)L

Letters to the editor: Letters to the editor are confined to discussions of articles that hawe sppesred im JEB within
the pravious thres months. Altkough the format iz optionzl, they are pearrevewed, and substantizlly edited by JEE

sbj.orjp/fe/bb/jbb_instructions.html 3/6
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editors in consultation with the authors. Letters should not exceed 2 printed pages including figures and tables.

Errata

Emratum provides & means of cormectimg ermors that occwmed during the publication process, such as misspelling,
mislabeling in & figure, 2 missed word, and so on. Plesse contact the SBJ Business Office (bbiEisb].or jp) before
you send Emata.

FFPage Top

Style

The whole manuscript (including References, figure legends., and table foofmotes) must be twped in 12 point and
double-spaced (= minimum of & mm between linas, ca. 25 lines per page). Times or Times Mew Roman is
recomnmmended. Format your documents for A4 size (210 ® 287 mm). Mumber each page at the bottomn. beginning
with the title page. Hanugcript pages showld have line mumbers. ltems should be prcwided in the F:-IIml.ling
order: Title page., Abstract, Introduction, Materials and Methods, Resulits, Discus sion, Acknowledgmenis,
References, Figure legends, Figures, and Tables. Each figure and table file should be wploaded imdividually. Dus to
technical reasoms. sy mbols, shading, double underines, amd wawy lines are not aveilable in text body and tables.
Manuscripts that do mot conform to these instructions may be editonally rejected and retumned to the authors for
refornnatting.

Tifle and running fitle

The title of a paper should be a label. Awid a complete sentence. Semal titles are not accepted. The title should
not contaim any jargon or nonstandard abbreviations. An opening A, An or The in the title is useless for indexing
purpase. Frovde a running title of no more than 54 charscters including spaces for Regular papers and Reviews.

Authors

The full name amd the: complete mailimg address of each author should be given. Place numbers im superscrpt after
the name of each author and the relevant address. An asterisk should follow the mame of the comesponding author.
Any changes of address may be given in a footnote.

Key words

A list of 5 to 10 key words that will be useful for indexing or searching must be includad on the fitle page. Awoid
sbbresdations. General terms, such as "asctivity”, "culture”, “enzyme” and so on, should not be used unless
gualified, e.g., "surface activty”, "fed-batch culture”, and "enzyme stability". Inappropriate key words may be
omitted at the publication stage.

Corre spondent footmote
A single e-mail address, a single telaphone number, and a single fax number for the comespondimg suthor should
be provided.

FFPage Top
Abstract

Am abstract should provide the context or background for the study and stste the purpose of the research, scope of
the experiments , major findings, and prncipal conclusions. Refkrences in the abstract must be cited in full 3=
"Sampsio et &l J. Biosci. Bioemg., 105, 305-312 (2008)". The absiract should be written in the past tense as &
cingle paragraph not exceading 250 wonds.

Infroduction
Provide a context or suficient background information for the study. Do not include dsta or conclusions from: the
work being reported. Subheadings should not be used and an exhaustive redaw of the literature should be awoided.

Matzrials and Methods

Provide suffciant technical information to allow the experiments to be reproduced. Presiously published methods
should be cited, and truly movel procedures could be described im detail. If a manuscript concams a commercial
product, the manufacturer's name and their location (city, state. and country) must be indicsted im this section.

Results
The resulis of experiments and repres-entalive data should be siated cleary and precisely im the past tense. Do not
repeat experimental detsils previously provided in the Materisls and Methods section. Subheadings cam be used.

Discussion
Discussiom should be: resiricied to interprefation of the results, Subheadings can be used. VWhen appropriste, you
may combine the Resulis and Discus sion section.

Acknowle dgments
Acknowledgements should be brief in a single paragraph and should precede the references. Personal
scknowledgements preceds those of sgencies and institution.
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References

All lizted referances must be cited in the text. Arrange the citations in order of their appearance in the fext and
numbrer consecutively. Abbireviate journal nemes according to the List of Journals Indexed for MEDLIME (Mational
Library of Medicine, Mational Institute of Health, 2007; swilable at

ftp-imlm pubs.mim_nih_gov/online/journals/ijiweb. pdf. Use periods. after abbresiations. One-word titles (e.g..
Biochemistry) are newer abloreviated. n-press references must provide the publication title and the probable year of
publication. In-press aricles should be submiited as supplement al matesial.

The following types of references are not valid for listing: unpublis hed data, manuscrpts submitted, meeting
sbstracts, unpublished conference presentations (e.g.. poster or report), personal communications, letters
(imespective of type) and authors’ replies to letiers, company publications, patents, theses, computer software,
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databases, and websites. References to swch sources should be made parenthetically in the text.

List all authors when thers are 12 or fewer; if more than 132, list the first 10 mames followed by "and other 2
authors”. Follow the style shown in the examples below.

1. Takaha shi, H. and Honda, H.: Prediction of peptide binding to major histocompsatibility complex class |l
maolecules through use of boosted fuzzy classifier with SWEEP operator method, J. Biosci. Bioeng., 104, 137-144
(2008).

2. Ashiuchi, M. and Misono, H.: Poly-y-glutamic acid, p. 122—174. In Fahnestock, 5. F. and Steinbdchel, A.
(ed.), Biopolymers, wol. 7. Wiley-WCH., Weinheim (2002).

3. Ivanova, N., Sorokin, A, Anderson, |., Galleron, M., Candelon, B., Kapatral, V., Bhattacharyya, A.,
Rezmik, G., Mikhailova, M., La pidus, A., and other 13 a uthors: Genome sequence of Bacillus cereus and
comparative analysis with Bacillus anthracis. Mature, 423, 87-81 (2003).

4. Ohtomo, M., Kimura, K., Watanabe, 5., and Toeda, K.: Production of components containing y-
aminocbutyric acid from rice bran by Lactobacillus brevis IFO12005. Seibutsu-kogaku, B4, 4784232 (2008). (in
Japanase)

5. Kim, M-H., Kino-oka, M., Kawase, M., Yagi, K., and Taya, M.: Response of human epithelfal cells to culiure
suriaces with varied roughnesses prepared by immebilizing dendrimers with/without D-glucosea display. J. Biosci.

Bioemng. (2007} {in press)

Examples for references cited in the fext

... &5 described prevously (e, M., Abstr. 53th Annu. Meet. Soc. Biotechnol., Jpn., p. 3, 2005).

owere analyzed (Tanaka, 5., Ph.D. thesis, Osaka University, O=saka, 2007

... was obsered (Murats, K. and Hashimoto, W., unpublished data).

... by the methods prevously described (Kuroda, A., Miyamoto, B, and Ohtake, H., Jspanese patent 2003-
175450, 2006).
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Tables

Tables should be numbered consecutiely with Arabic numersls in order of appearance in the text. Type each table
double-spaced on a separate page with a shor descriptive title typed directly above and with essenfial footnotes
below. Tables must b= made using the Microsoft Word table function. Microsoft PowerPoint and POF are
accepiable formats.

Figures

It is the author's responsibility to prowide arbwork for all illustrstions, both ne and helftone. Figures must be
restricted to the minimmum and numbered consecuiively with Arabic numerals. Multipamel figures should be labeled
with an upper-case, bold letter (A, B, ). Photomicrographs: showld havwe intemal scale markcers. Lettering should
be clear amnd of sdequate size to be legible after reduction. Consider the primted page and column proportions when
preparing figures.

Color figures will appear on the web st no additional charge, regardless of whether or not these illustrations are
reproduced in color in the printed version. For color repreduction in print, the comesponding suthor will receive
information regarding the costs fom SBJ after receipt of your accepted aricle. As only one figure caplion may ba
usied for both color and black and white wersions of figures, pleas e ensure that the fgure captions are meaningful
for both wersions., if applicable. Figures should be checked extremely carefully, paricuady sfter revisions. Na
changes fo figures will be possible after acceptance of the manuscrpt. A detailed guide on electronic artwork is
available st hitp J/iwww_elsevie r.com/artworkinstructions’.

The final sizes of figures are as follows:

Maximum width for 8 1-column figure: 8.5 cm
Maximum width for 8 Z-column figure: 17.5 cm
Maximum height: 22.2 cm

All igures must be swbmitied at their intended publication size.

Figure legends

Figure legends should be typed double spaced at the end of the fext, mot on the figures, starting on a separate
page, with Arabic numerals comesponding to the figures. When symbols, armows, numbers, or letiers are used to
identify parts of the figures, identify amd explain each one cleardy in the legend. Do not insert symbols but describe
using English terms such as "closad circles” or "open triangles”. Explain the intemnsal scale and identify the method
of staining in photomicrographs.

Supplementary materials

JBB asccepis electronic supplementary matensl to support and enhance your scientfic research. Supplementary
files offer the author additional possibilties to publish supparting applications, movies, animation sequences, high-
resolution images. background datasets, sound clips =nd more. Supplememntary files s upplied will be publishead
online alongside: the electronic versiom of your article in Elsever Web products, imcluding Sciencelirect:
hitp:2"hwww.sciencedirect.com. In order o ensure that youwr submitted matensal is direcily usable, please ensure
that dats is proveded in one: of cur recommendead file formats. Authors should submit thie material in electronic
format together with the article and supgly & concise and descrptive caption for each file. For ease of download,
the recommended upper limit for the size of a single file is 10 MB. When the size of a single file is bigger than this,
SOme Users may expersnce problems when downloading the file. Supplementany figures and tables should be
labeled as "Figure 51" and "Table 51"

For more detailed instructions please vsit Elsevier's artwork instruction pages at
hitp:hwwwew . elsevier.comdarbw orkinstructions.
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